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Your Victor Catalog 20C 
is now available. It is the 
most attractive and help- 
ful we have ever offered 
— four-color cover —64 
pages — many full color 
illustrations of Victor 
units and equipment. 
Fully describes every- 


thing Victor makes. 
Complete specifications. 


See your 


VICTOR 
DEALER 


or write us. 


VicIOR EQUIPMENT COMPANY 


3821 Santo Fe Ave. 844 Folsom Street 1312 W. Loke Sr. 
LOS ANGELES 58 : SAN FRANCISCO 7 CHICAGO 7 
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HOBART Gas Drive Welders have always rated 
“first” with those who really know what a welder 
should be able to do. These men have found that 
Hobart Welders are so ruggedly constructed that 
top performance, trouble-free service and long life 
can be taken for granted. They know, too, that a 
Hobart is the most easily operated welder on the 
market — that with remote control and a choice of 
1,000 combinations of welding heat . . . nothing is 
left to chance. 


LARGEST MANUFACTURERS OF ARC WELDERS’ 


HOBART Electric Drive Welders are real time and 
money savers, too. Built with plenty of extra reserve 
capacity, they've got what it takes to stand the 
gaff and still give top performance. Such conven- 
ience features as multi-range dual control, remote 

control and polarity control make for truly 


Ot tHE WORLD'S 


~~ 7, “simplified” welding. Why not find out 
Ap Or for yourself? Mail the coupon to- 
és AND day for full details. 
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Salesman Turns Sleuth... 
Solves Welding 


TROUBLE struck a large Midwestern 
“company producing supply tanks for 
Naval Ordnance hydraulic systems. Pin 
holes were appearing in welds joining 
fittings to the tanks. 

The M&T sales engineer, called in to 
assist, ran many tests—discovered that 
fittings and tanks were of stainless steel 
of different chemical content. Tanks 
were made from 10 gauge columbium 
-modified 18-8, but fittings had been 
machined from selenium-bearing stain- 
less to secure better machining prop- 
erties. 


RECOMMENDED: Use of Murex lime- 
coated stainless electrodes in place of 
_titanium-coated electrodes to prevent 
formation of gas in welds involving the 
selenium steel. 


RESULT: Porosity arrested—production 
resumed—Case Closed! 


Your nearby M&T representative is qualified 
to give genuine assistance on any welding prob- 
lem. Call on him when you need help. Make use 
of his broad background of experience in every 
phase of welding. 
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Your resistance welding dollars do go farther when you use 


Mallory Fluted Electrodes because you 


@ Longer Electrode Life 
@ More Uniform Welds 


re 
get... 


equipment by 


and holders- 


es readily @ Fewer Production Interruptions 


reart: Look at the sper ial Mallory electrode features that make such 
money-saving welding possible... 


@ 70% increase in cooling area 


you want 


ak to Mallor @ Faster heat dissipation 


rmance § @ Positive tube centering 


fo 
you 
whenever @ No extra cost 


Flectrodes rods & PF Be sure you get the most for your welding dollars by always 
Dies Forgim using Mallory Fluted Electrodes. They cost you no more than 


( 


old style. round holed electrodes. Call your distributor today. 
*Patent Pending 
In Canada, made and sold by Johnson Matthey and Mallory, Led 
110 Industry St.. Toronto 15, Ontario 


MALL Coline | SERVING INDUSTRY WITH 
Electromechanical Products— Resistors * Switches ¢ TV Tuners ¢ Vibrators 
A L L O Q Electrochemical Products— Capacitors Rectifiers * Mercury Dry Batteries 
| Metallurgical Products—Contacts * Special Metals * Welding Materials 
MALLORY & C€CO., INC., INDIANAPOLIS 6, INDIANA 


For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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All steelwork on this bridge was flame-primed before paint was 
i applied. ‘Today, after 9 years’ service, the original paint job 
still provides complete protection against corrosion. Present 
condition of surfaces is clearly shown by unretouched close-ups. 


Your Steelwork... 


How Will It Look in 1960? 


and smoothly. bonds tightly. and lasts longer. 


Steelwork you coat with 


good paint today can still Flame-priming is one of many time- and money- 
look like new ten years from saving Linpe methods for making, cutting. joining, 
now, if vou flame-prime all treating. and forming metals. So. whatever you do 
exposed surfaces first. \nd with metals, there is a good chance that Linpe 
what voull save on main- know-how, show -how. and equipment ean help you 
tenance, because of increased protection due to do it better, more quickly. or at lower cost. 
flame-priming, will more than pay for all the flame- To find out. without obligation. telephone or write 
priming apparatus and materials you need for the job. our nearest office today. Linpe Ain) Propucrs 
Flame-priming is simple to do, requires little Company, a Division of Union Carbide and Carbon 
equipment, and costs little. A brush of oxy-acety lene Corporation, 30 East 2nd Street, New York 17, 
flames pops off scale and drives out moisture. Paint N.Y. Offices in Other Principal Cities. In Canada: 
applied to the warm, dry surface goes on quickly Dominion Oxygen Company, Limited. ‘Toronto. 


Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


Trade-Mark 


The term “Linde” is a registered trade-mark of Union Carbide and Carbon Corporation. 
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EMBLEM OF SERVICE 


The cost of a foot-long, 1/32 in.-deep groove 
came close to being $2,000 and six months of 
lost time. 

That was the spot an eastern manufac- 
turer was in. A faulty machining cut had 
ruined a high-precision cast iron rotor blade 
needed for a marine gas-turbine air com- 
pressor. 

Luckily, with the help of NI-ROD®, the 
shop welder was able to save the day ... and 
the investment! Using only four NI-ROD 
electrodes, he filled the mismachined groove 
without difficulty. Thanks to NI-ROD’s easy- 
handling characteristics, no pre-heating was 
necessary. 


67 Wall Street, New York 5, N.Y. 


saves *2,000 turbine rotor! 


After welding, the rotor was finished by 
turning and profiling, to a +.001 in. tol- 
erance. 

The story is typical of hundreds where 
NI-ROD has been used to salvage defective 
and damaged castings, repair worn machine 
parts, and correct machining errors... sav- 
ing money and precious time. 

NI-ROD, like other INCO welding elec- 
trodes and Nickel Alloys, is on extended de- 
livery. Therefore, anticipate your needs .. . 
order well in advance. And remember, if you 
have a special cast iron welding problem, our 
Technical Service Department will be glad to 
help you. Just write, giving full details. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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by F. heller 


WO factors 
taking a heavy toll of costly equipment and struc- 


wear and corrosion—are constantly 


tures; consequently, many items are scrapped 


on account of excessive wear and much effort 


is continually expended to combat corrosion of various 
types. In these fields, metallizing presents a conven- 
ient and practical method for rebuilding worn machine 
parts and a very effective means of protection against 
attack. Although this 
available for many years, it probably has not been 


corrosive process has been 


used as extensively as it should have been. The 
metallizing process should be of considerable interest 
to industry, both for repair and maintenance as well 
as for production 

Recognizing the merits and applicability of metal- 
lizing and its relation to welding practices, the AMErI- 
CAN WELDING Soctery formed a Committee on Metal- 
lizing in 1944. 


on Recommended 


This committee has been working 


Practices for Metallizing and is 
sponsoring this group of three papers to make current 
information available on this subject 

One of the advantages of the metallizing process 
This makes the 
process adaptable for the rebuilding of worn machine 


is that it employs portable equipment. 


parts and for applying protective metallic coatings 
Further- 
more, coatings of various metals and alloys in controlled 


to relatively large assemblies and structures 


thicknesses up to! sin, or greater can be applied readily 
This is accomplished without any appreciable distor- 
tion of the basie structure because the parts do not 
reach high during 


temperature spraying. Any 


metals that are available in wire form can be sprayed 


F. Keller is Chief of the Metallography Divisio n, of the Aluminum Researel 
Laboratories, Aluminum Co. of America, New Kensington, Pa 
Paper was presented before the Thirty-Second Annual Meeting, AWS, De 


troit, Mich., week of Oct. 15, 1951 
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The Metallizing Process 


® A brief historical review of the metallizing process, its field of 
application, apparatus needed, methods used in preparation of 
surfaces, the nature of the coatings and some applications 


These include low-carbon and high-carbon steel, 
stainless steel, aluminum, zinc, lead, tin, cooper, 
brass, bronze, nichrome, nickel, monel, tantalum, 


molybdenum, silver and gold. Some of these metals 


are used for repairing worn parts; others are applied 
for protective or decorative purposes 

The original idea of applying metallic coatings by 
Schoop of Zurich, 


powders 


spraying was conceived by M. U 
1910. Although 
had been made previously by atomizing a stream of 


Switzerland, in metallic 
molten metal by means of a strong air blast, Schoop 
was the first to interpose an object in the path of the 
atomized particles to obtain a continuous metallic 
coating. In this work, a crucible of molten metal was 
employed from which a small stream of the metal 
Was atomized through a nozzle by a jet of compressed 
air. This process, however, was not found convenient 
or practical and lead to the development a few years 
later of a metallizing gun employing wire. By this 
development, metallizing became a much more practi- 
cal process 

The metallizing process was introduced in this 
country in 1920 with the importation of the Schoop 
wire-type gun. From then until about 1932, much 
of the development work was done in Europe and the 
applications of the process were more widespread 
than in this country. Although suitable equipment 
and methods were available to potential users in this 
country, the licensing arrangements under existing 
After the basic 


many further developments 


patents did not encourage wide usage 
patents expired, were 
made in equipment and procedures and the appli- 
cations for metallizing increased markedly 


EQUIPMENT FOR METALLIZING 


The most important item of equipment needed for 


metallizing work is a metallizing gun. Such a gun is 
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repairs. It should not be used for 


GAS 


| pCOMPRESSED AIR 3TO10 


FLAME 
MELTING WIRE 


AIR ENVELOPE 


WIRE AND GAS NOZZLE 


Fig. 1 Shows principles of operation of a metallising gun 


an ingenious device for feeding, melting and atomizing 
wire of various metals and spraying the atomized 
particles at high velocity onto the surface being coated. 
The general principles of a typical metallizing gun 
are illustrated by Fig. 1. 
wire from about 0.090 to O.188-in. in diameter are 
available for different types of work. Those used for 


Guns of various sizes using 


rebuilding machine elements are capable of spraying 
Other 
guns designed especially for applying coatings for cor- 
rosion protection are capable of spraying about 17 Ib. 
of aluminum or about 60 Ib. of zine per hour. Other 
items of supplementary equipment for a metallizing 


from about 5 to 20 Ib. of steel wire per hour. 


unit Comprise an air compressor, an air control unit 
including filter and regulator, tanks of oxygen and 
acetylene or other fuel gas, a gas control unit with 
suitable pressure regulators, a gas flow meter, and 
a wire control unit for handling coils of the metallizing 
wire. Where protective coatings are to be applied, 
suitable equipment for sand or grit blasting is necessary. 


PREPARATION FOR METALLIZING 


Since the bonding of a sprayed metal coating to the 
basis metal is chiefly mechanical in nature, it is nec- 
essary to prepare the surface to be coated by roughening 
it by some mechanical means or other suitable method 
to provide initial anchorage for the sprayed particles 
and to make sure the surface is clean and dry. A 
number of methods are available for suitably preparing 
various surfaces prior to spraying. The selection 
of the best method for a particular application, how- 
ever, is dependent on the type, size and shape of the 
object, the kind and thickness of the sprayed coating, 
the degree of adhesion necessary and the service re- 
quirements. 

For repairing or reclaiming worn machine elements, 
several different methods of preparation may be em- 
ployed. First, the part should be undercut to allow 
sufficient space for the sprayed metal deposit (Fig. 2). 
Then the surface may be prepared by one of the follow- 
ing methods: (1) Rough threading, (2) grooving and 
roughening, (3) grit blasting, (4) electric bonding and 
(5) metallic spray bonding. Rough threading is one 
of the simplest methods and is useful in making quick 
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ATOMIZED SPRAY 


PREPARED BASE MATERIAL The 


severe conditions or for heavy de- 
posits. It consists of cutting an 
ordinary Vee-thread with the lathe 
tool set to cut a torn or broken 
thread. Ordinarily, about 24 threads 
per inch are employed. An ex- 
ample of rough threading is shown 
by Fig. 3. 

grooving and roughening 
method is used for machine element 
work where the strongest bonding is 


ORIGINAL 


AFTER UNDERCUTTING 


Fig. 2 Shows how a worn shaft is turned down to provide 
space for depositing sprayed metal 


required. It consists in cutting a series of spiral or annu- 
lar grooves in the undercut section and then spreading 
and roughening the tops of the grooves by means of 


a special roughening tool. 

Blasting with sand, Joplin grit or crushed steel 
grit is generally employed for preparing surfaces for 
receiving corrosion resistant coatings of aluminum 
or zine. It is seldom used for machine elements, 
although it may be employed in conjunction with 
threading or grooving. Grit blasting is usually done 
on machine elements with G-16 to G-25 clean, 
sharp crushed steel grit or similar size aluminum oxide 
by a pressure blasting machine. The essential feature 
of a grit-blasted surface is that it should have sufficient 
“tooth” to help the sprayed particles to form a good 


Fig. 3 Example of rough-threading method of surface 
preparation 
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extent of roughening 


blasting with crushed steel grit. 


sprayed metal layer. Mag. 20 


Fig. 6 Shows boundary layer 


bonding method. 


Mag. 


20 
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Fig. 4 Appearance of surface of steel sheet after grit 


Fig. 5 Cross section of above steel sheet showing type and 
required to obtain bonding of the 


% 


produced by electric 
Vag. 1000 


Keller 
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mechanical bond with the roughened surface. The 
appearance of a suitable grit-blasted steel item in both 
surface and cross section is shown by Figs. 4 and 5 

Electric bonding is recommended for preparing sur- 
faces that are too hard to roughen by blasting or the 
other mechanical methods. In this method, a nickel 
electrode is employed to deposit and fuse small irregu- 
larly shaped particles of the electrode to the surface, 
thus producing a roughened surface to receive the 
sprayed deposit. The character of the roughening 
obtained by this method is shown by Fig. 6 

The metallic spray bonding method consists in spray- 
ing «a thin layer of a molybdenum alloy directly onto a 
clean surface which need not be roughened. This is one 
of the newer methods of bonding which prov ides i high 
strength bond and which ean be used for most machine 
element work especially where corrosion may be a 
factor. This method is adaptable for preparing either 
soft or hardened steel surfaces. It can also be used 
in connection with applying metallized coatings of 
aluminum or zine, but should not be used for copper 
or copper alloys. The appearance of the bond obtained 
by this method is illustrated by Fig. 7. 


NATURE OF METALLIZED COATINGS 
Metallized coatings have rather unique structures 
and properties because they are formed layer by laye 
of thin lamellae when the atomized globules of the 
sprayed metal strike the surface being coated at high 
speed and with considerable impact. Initially, each 
particle is essentially a tiny casting which has solidified 
very rapidly and aequired a very thin oxide film 
during its rapid transit from the gun nozzle to the 
surface. On impact, the particles are instantly de- 
formed into thin platelets or flakes which conform 
to the surface contour and bond to the prepared sur- 
face by mechanical interlocking with surface irregu- 


Fig. 7 Shows condition at interface when metallic spray 
bonding method is used. Mag. 1000 


4% 
| 
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tig. 8 Characteristic microstructure of sprayed steel de- 
posit showing layers of metal and oxide. Mag. 1000 


larities and with each other or by cold welding at 
regions where the oxide film is disrupted on impact 
and metal to metal contact obtains. 

Since spraved coatings exhibit a lamellar type of 
structure as shown by Fig. 8, they have directional 
properties and have a greater tendency to split in a 
direction parallel to the long axis of the lamellae. 
On grooved or threaded surfaces, this tendency is 
decreased as the flakes are not flat, but conform to the 
shape of the groove or threads. Cavities between 
adjacent flakes and oxide inclusions tend to make 
sprayed coatings porous and lower in density than the 
same metal in cast or wrought forms. This porosity 
makes the coatings more satisfactory for bearing 
surfaces as the pores will hold lubricants and the porous 
sprayed metal will provide an excellent surface for 
holding paint or other protective organic coatings. 

For some applications, the structures and properties 
of sprayed coatings limit their application. These 
coatings are brittle and have low elongation and tensile 


Fig. 9 Typical arrangement for repairing worn part by 
metallizing with part mounted in lathe and metallizing 
gun attached to tool post in carriage 
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strength. Because of these conditions, sprayed coat- 
ings should not be used where they will be subject to 
direct impact or appreciable flexing. 


APPLYING METALLIZED COATINGS 


In metallizing, it is most essential to have clean, 
suitably prepared fresh surfaces before spraying. 
All oil or other contaminants should be removed and 
the surface roughening treatment should be accom- 
plished dry. Spraying should be done as quickly as 
possible after the surfaces are prepared to avoid changes 
resulting from rusting or other contamination. The 
spraying procedure in building-up a coating is much 
like paint spraying and is not difficult to learn. Any 
operator familiar with the use of a paint spray gun or a 
welding torch can soon become skilled in operating 
a metailizing gun. 
a worn cylindrical part by applying a sprayed steel 


A typical set-up for repairing 


laver is shown in Fig. 9. 


APPLICATIONS OF METALLIZING 


The principal applications of the metallizing process 
are for repairing worn machine elements or reclaiming 
mismachined parts and for protecting many different 
types of equipment and structures from corrosive 
attack in a variety of corrosive environments. 

For repair work on machine elements, the metallizing 
process is especially adaptable for building-up worn 
shafts, rods, pistons, lathe beds and other machine 
elements with soft or hard steels or special hard alloys 
to restore them to their original dimensions so they may 
continue to be serviceable. The properties and bond 
strengths of the sprayed deposits are entirely adequate 
to permit the parts to be machined or ground and to 
provide satisfactory performance in service. 

For protecting equipment and structures against 
corrosive attack in different environments, metallizing 
has the advantage that much thicker coatings of the 
protective metals can be applied more readily than 
with other conventional coating methods such as dip- 
ping or electroplating. Owing to the porosity of metal- 
lized coatings, it is customary to apply coatings of 
greater thickness than for dipped or plated coatings 
or to employ some additional protection to seal the 
pores. For many applications, metallized coatings 
of either aluminum or zine are employed in thickness 
ranging from 3 mils to 15 mils. Furthermore, these 
coatings can be applied to large assemblies and struc- 
tures in place because metallizing equipment is portable 
and can be brought to the work. In instances where 
protection against corrosion is the important criterion, 
coatings of 3 to 15 mils of aluminum or zine provide 
better and more lasting protection against corrosive 
attack than most paint systems. The appearance 
of typical cross sections of metallized coatings of 
aluminum and zine applied to grit-blasted steel for 
protection against corrosion is shown by Figs. 10 and 
11. While thin flash coatings can be applied, the usual 
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Fig. 10 Cross section of metallized coating of aluminum 
on grit-blasted steel. Mag. 100 X 


thickness of coating applied in one pass is about 3 mils. 
Thicker coatings are formed by multiple passes with 
the metallizing gun. 

Metallized coatings of aluminum and zine are com- 
monly used for protecting iron and steel from atmos- 
pherie corrosion as well as from fresh and salt water 
immersion. These coatings provide protection against 
corrosion not only by covering the surface with a more 
corrosion resistant metal, but also by galvanic action 
since both aluminum and zine are anodic to iron and 
steel. Under these circumstances, the porosity of the 
coating is not important. All of the other commonly 
sprayed metals are cathodic to iron and will not pro- 
vide effective protection unless they are extra thick 
and have their pores sealed by some appropriate method. 
Sprayed coatings of lead are used for obtaining resist- 
ance to acids or other strong reagents, while coatings 
of tin are employed for protection of food vessels 

Such coatings of lead or tin, however, must be com- 
pletely sealed to be satisfactory. 

While sprayed aluminum and zine coatings provide 
excellent protection for many applications, they may 
also be painted for appearance or coated with materials 
such as chlorinated rubber or vinyls to provide still 
additional protection. When painting is to be done, 
it is possible to use thinner sprayed coatings as the 
porous sprayed metal provides a very satisfactory 
base for painting and paint coatings will adhere better 
to metallized surfaces and last longer. In addition, 
the paint will seal the pores of the sprayed metal and 
protect it from sacrificial attack. The combination 


Fig. 11 Cross section of metallized coating of sine on 
grit-blasted steel. Mag. 100 X 


of metallized and paint coatings offers some interesting 
possibilities for providing extra good protection against 
severe corrosive conditions, 

Metallized coatings have been applied to many 
different items over the last 20 years and this experi- 
ence has been helpful in determining the thickness 
and type of coating to be used and in predicting the 
probable life of these coatings. Water storage and 
butane storage tanks which have been metallized have 
given excellent service for many years. Other appli- 
cations of metallizing, such as for ship hulls, super- 
structures, docks, piling, and buoys, underframing 
of railway ears, deck girders on railway bridges, dam 
gates, refrigeration and air conditioning units, vapor 
degreasers and pole line hardware illustrate some of 
the fields where this process can be employed to ad- 
vantage. 

Another useful application of metallizing is for the 
protection of steel melting pots, salt pots, annealing 
box covers and pyrometer tubes against oxidation 
and scaling during use at elevated temperatures 
Such heat resistant ceatings are made by spraying 
the prepared steel surface with aluminum. Then, 
the sprayed surface is coated with a special sealer 
containing a metallic powder. After this, the coated 
article is heat treated to diffuse the aluminum into the 
steel and form a heat resistant surface coating. 

The author wishes to acknowledge with thanks the 
source materials, samples and illustrations furnished 
by R. J. MceWaters of the Metallizing Engineering Co. 
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leat Treating Properties of Low Hydrogen 


Hlectrode Weld Metals 


» Matching the mechanical properties of rolled or cast steel 
with the weld metal requires an adjustment of the alloy 
composition of the electrode and the type of electrode coating 


by D. C. Smith and W. G. Rinehart 


KNOWLEDGE of the heat-treating properties 

of weld metals is necessary in selecting the proper 

electrodes for welding aircraft steels, alloyed-steel 

castings and other high-tensile steels that have to be 
subsequently heat treated to get the optimum results 
from the weldment. The development of the low- 
hydrogen type electrode coating has made it possible 
to produce weld metal of any desired analysis to fit a 
given heat treatment. 

Information on the mechanical properties of steels 
heat treated in various ways is available in many hand- 
books and steel company catalogs, but unfortunately 
there is very little published on the properties of 
allov-weld metal. Lack of this information creates 
a problem for the fabricator and, as a consequence, 
may result in the improper application of the electrode 
or it may result in the failure of a weldment which 
could have been suecessful had the proper information 
been available. Perhaps one of the greatest reasons 


W. G. Rinehart is Research Metallurgist and D. C. Smith is Chief Metallur- 
gist with the Harnischfeger Corp, Milwaukee, Wis 


Paper was presented before the Thirty-Second Annual Meeting, AWS, 
1951 


Detroit, Mich., week of Oct. 15 


for the lack of this published information is due to the 
relative newness of the electrode business. There 
has been very little published on the properties of low- 
carbon (<0.15°%) alloy steels and since weld metal 
compositions are generally of a low carbon content 
the published mechanical data for rolled and cast steels 
are not always applicable to weld metal. 

High-hardenability steels which were formerly pur- 
chased on the basis of chemistry are now being pur- 
chased according to a hardness specification as measured 
by the Jominy test; hence the Jominy curves of weld 
metal often are desirable. 

It has been our experience in designing electrodes 
that matching the analysis of the parent metal does 
not necessarily match the mechanical properties of 
rolled or cast steel. Generally a reduction of carbon 
with a readjustment of alloy composition is necessary. 
Thus a purchase specification based upon the chemical 
analysis of the weld deposit, unless the mechanical 
properties are known, is not adequate. 

In order to better understand the difference between 
the low-hydrogen and the more conventional types of 
electrodes, a comparison chart of the coating composi- 
tion of the principal types is given in Table 1. Groups 


Table 1—Basic Coating Composition of Mild Steel Metallic Are Welding Electrodes 


Group 3, Group 4, 
p 1——— ———Group 2 E6020, E6015, 
Coating materials E6010 E6011 E6012 E6013 E6030 E6016 

Organics, Gums, Resins, Cellulose X oO 
Feldspars, Alkali Aluminum Silicates oO oO X xX oO 
Tales, Magnesium Silicates oO oO oO oO oO 
Asbestos xX xX 0 oO 
Silica X 
Titanates, Rutile TiO,, Sodium and Potassium Silicates xX xX 
Iron Oxide e Oo 
Calcium Fluoride xX 
Potassium Silicate X Oo 
Ferro Manganese p 4 xX xX x 
Ferro Silicon 


O = Small quantities or optional. X = Medium quantities. e- Large quantities. 
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1, 2 and 3 have in common organics. silicates, titanates 
together with oxidizing and reducing agents. Group 1 
is predominantly organics; Group 2, titanates; Group 
In low-hydrogen Group 4 calcium 
fluoride, the 


The high caletum-carbonate 


oxide. 
calcium 


3, iron 
carbonate, and titanates are 
predominant ingredients. 
content produces a very alkaline slag in contrast to 
the other groups. 

Mathias and Bunk*® and Claussen’? have very ade- 
quately compared the properties of the various elee- 
trode coatings and their influence on the property of 
weld metal 

In Groups 1, 2 
from a few per cent to a maximum of around 40 per- 


and 3 (Fig. 1), the organies vary 
cent and the hydrogen gas in the are atmosphere varies 
between 20 to 40 percent. In Group 4 no organic 
materials are added in the coating and the electrode 
baked to 
the moisture or hydrogen 
minimum. Available data that 
the tensile strength of the weld metal the lower the 


out at high 


potential 


is generally temperatures 


reduce to a 
indicate the higher 
moisture or potential hydrogen content of the coating 
should be for best results. 

Several explanations for the detrimental effects of 
hydrogen in the weldment have been given. It is 
pretty well agreed that hydrogen in the are dissolves 
in the molten metal and migrates to the surrounding 


heat-affected areas and may cause cracking if the 
cooling rate is too rapid when welding steels of high 
hardenability. Hydrogen-free welds made under sim- 
ilar conditions usually produce sound weldments 

Schaeffler, Campbell and Thielsch*® are publishing 
a literature review of all the available information on 
the effect of hydrogen in weld metal under the auspices 
of the Literature Advisory Committee of the Welding 
Research Council. 

\ very important difference between the low-hydro- 
gen group and the others is its property to transfer 
alloys efficiently from the coating through the are 
stream into the weld metal. This property enables a 
more positive control of the weld-metal analysis which 
is becoming highly important in the welding of high- 
strength alloy steels. 

Perhaps the greatest contributing factors for this 
efficient alloy transfer are in the globular transfer of 
the weld metal and the very close are that can be used 
in welding With this type of coating it is possible 
to maintain a positive control of the alloys in the weld 
deposit, and likewise carbon introduced in the proper 
form through the coating can be controlled to a very 
range. Hence with this ability of controlling 
carbon and alloys in the weld metal it is possible to 
make electrodes which will give various mechanical 


for msec 


properties through suitable heat treatment. 
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Fig. 1 Effect of heat treatment on 6 low-hydrogen weld metal compositions 
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PREPARATION OF TEST SPECIMEN 


1. Plate Material. Mild steel, */4 in. thick, ASTM 
designation A285 or A7. The scarfed edges in all tests 
were clad with two layers of weld metal. 

2. Tensile specimens were prepared according to 
ASTM-A233-48T with the exception of the heat- 
treated ones. These were premachined to a 0.565 
diameter before heat treatment and afterward finished 
to 0.505. 

3. Hardness Specimens. The 0.505-tensile speci- 
mens were used for determining the Rockwell C hard- 
ness. 

4. Jominy Hardness. A pad of weld metal, 1), x 
2 x 8 in., was built up on mild steel, then cut off 
and turned to the standard Jominy test bar. 

5. Charpy Impacts (Keyhole Notch). Part of the 
specimens were cut from the top half of a weld metal 
pad, 1 x 3 x 10 in., deposited on a 2- x 4- x 10-in. steel 
bar, and part were cut from the top half of a single-V 
butt weld. The difference between the two types of 
specimens was found to be negligible and thus not 
reported. The standard Charpy Keyhole notch was 
machined from the top side of the weld metal with 
notch perpendicular to plate surface and centered in 
weld metal. (See Fig. 1A). All heat treating was done 
after removing the weld pad from the steel bar on 
which it was deposited, but before machining the individ- 
ual specimens. 


HEAT TREATMENT 


1. Quenched and Tempered. The specimens were 
held at 1650° F. for 1 hr. and those having a carbon 
content less than0.20 percent were water quenched while 
those of higher carbon were oil quenched. They were 
held at the tempering temperature for 1 hr. and cooled 
in still air, unless otherwise noted. 

2. Stress Relieving. All specimens stress relieved 
were held for 1 hr. at 1150° F. and furnace cooled at 


TING FINISHED SIMPLE BE 
BAR 


FINISH OVER. 


LONE 


Fig. 14 Preparation of the Charpy Impact Specimen 
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the rate of approximately 60° F. per hour, or as other- 
wise noted. 

3. Jominy Hardenability. Standard ASTM-A255 
48T specification was followed in making the Jominy 
curves. 


HEAT TREATING HIGH-STRENGTH 
ELECTRODES 


Metallic arc-welding electrodes have been designed 
in the past largely for fabricating metals based either 
on their mechanical properties of tensile and yield 
strengths, ductility, weld soundness and usability, 
or upon the chemistry of the weld deposit. Examples 
of electrodes designed for the chemistry of the weld 
metal instead of physical properties are the chromium- 
molybdenum, and straight nickel groups. In these 
the physical properties are generally secondary in 
importance. The chemistry of the weld metal is 
selected to prevent creep, reduce graphitization and 
improve notch toughness at low temperatures. 

Until recently little effort was made in the design of 
electrodes ‘for repair welding of castings, to match 
the heat-treating properties or chemistry of the casting 
being repaired. Lack of the proper electrodes and 
information on the application and procedure have 
in many cases resulted in poor quality of repair welds 
The low-hydrogen electrode development now makes 
it possible to repair defects in castings with weld metal 
equal in soundness to the casting proper, and many of 
the large steel casting manufacturers are now using 
low-hydrogen electrodes with excellent results. 

We have been requested by industry to develop 
weld metal compositions to meet various heat-treating 
conditions. This paper gives our heat treating results 
on six different weld metal compositions. The selec- 
tion of these six was made because of the wide range 
of carbon and varied alloy composition. The analysis 
of the weld deposits and the effect of heat treatment 
on the mechanical properties and 
hardness are shown in Fig. 2 and 
Table 2. 

Figure 3 shows the Jominy hard- 
ness curves, and Figs. 4 to 8 give 
the effect of tempering on the impact 
strength of each of these electrode 
weld deposits. 

It is realized that the heat treat- 
ment employed in this study would 
not always be applicable to that used 
in practice. Nevertheless it is be- 
lieved that it represents the most 
general procedure followed and gives 
a condition under which a compara- 
tive evaluation can be made. 


DISCUSSION OF RESULTS 
The response to heat treatment of 
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metal Tensile 
Heat treatment Vo. strength, psi 
As-welded 1 156,000 
2 138,500 
3 120,000 
1 111,000 
5 100 , 500 
96 , 500 
7 120,500 
s O00 
1150° F., stress relieved 1 500 
2 136,000 
111,000 
93 , 250 
41,500 
6 85,750 
7 132,000 
109.000 
1650° F. quench 1 200 ,000 
2 179,750 
3 222 , 500 
1 170,000 
5 174,000 
6 166,000 
7 155,250 
128,750 
1650° F. quench, 750° F. temper, 1 186,000 
air cool 2 166,000 
3 181,250 
159, 500 
5 23, 250 
6 165,000 
7 148.000 
115,000 
1650° F. quench, 950° F. temper l 174,000 
air cool 2 156,750 
160 000 
131,250 


1650° F. quench, 1100° F. temper 164,500 


6 108 000 
7 143,500 
S 115,500 
1650° F. quench, 1250° F. temper l 150,000 
2 116,000 
107,500 
101,500 
5 86, 400 
6 87,500 
7 117,750 
& 102.500 


Table 2—Effect of Heat Treatment on the Mechanical Properties of 8 Low-Hydrogen Electrode Weld Metals 


Yield Elongation, Reduction Hardness, 

strength, psi % in 2 in. of area, % Rockwell ¢ 
141,000 11.0 24.0 
108 , 750 20.0 57.3 
97 ,500 13.0 20.0 
90 ,000 17.5 40.0 
500 20.5 465.0 
87,500 19.0 35.7 
115,000 21.5 57.0 


46 , 000 


147,500 l 
112,500 14.0 31.0 
82,000 22.5 55.0 
85,000 23.0 50.0 
73,000 28.5 69.0 17 
61,250 26.0 64.0 
122,000 14.5 35.0 
99 000 24.5 62 26 
185,000 7.0 17.0 2 
147,500 14.0 54.7 37 
195,000 8.0 20.0 $4 
132,500 4.0 10.0 38 
152,500 10.0 31.0 3Y 
127,500 4.0 
146,250 11.0 49.0 33 
117,500 18.0 60.0 29 
176,000 10 0 37.0 40 
156,500 15.0 
175,000 12.5 49.0 38 
142,500 10.0 13.0 
113,500 17.0 60.0 28 
134,000 40 36 
141,250 13.0 19.0 
107 , 500 21.0 67.0 
160,000 11.0 10.0 
132 17.0 57.0 
150,000 16.0 57.0 
120.000 16.5 52.0 


44,500 13.0 41.0 35 
34 0 62.0 30 
8 ‘ 
98 ,7 
40 200 22.0 70.0 1S 
85,750 20.5 52.0 18 
137,500 17.5 52.0 31 
107 , 500 18.5 65.0 26 
135,000 15.0 19 0 34.0 
92,500 21.5 62.3 22.0 
92,500 26.0 65.0 20 
84,000 25.0 57.0 17 
75,300 27.5 72.0 13 
61,750 19.0 39.0 12 
109,500 20.0 57.0 22 
95,900 25 0 67.0 IS 


a steel is largely determined by the carbon content, 


but of the usual alloys employed, chromium = and 


manganese are next in effectiveness. The hardening 
effect on the weld metal of the other common alloy- 
ing elements used-—namely, silicon, nickel, molybdenum 
and vanadium-—-due to quenching is small. In this 
study the carbon content ranges from 0.07 to 0.35 
percent and its effect on the surface hardness is clearly 
shown in the Jominy curves (Fig. 3). The effeet 
on the depth hardening due to the alloys in the weld 
metal is likewise brought out in the Jominy curves 

The results of this investigation as shown in Figs. 2 
and 3. indicate that the metal 


weld responds to 


steel with a 


heat treatment 


similarly to that of 
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comparable composition. In tempering to a desired 
hardness or tensile strength the effect of the alloying 
elements is very pronounced. Electrode weld metal 
No. 3 quench hardens to approximately 44 Rockwell C 
the tensile strength and ductility are 
good The different 
temperatures also weld 


controlled for strength and hardness 


hardness, vet 
values at the 
show that this 


exceptionally 
tempering 
deposit can be 
very closely. Comparing it with weld metals Nos. 1 
and 2 where the carbon content is lower but the 
strength-giving alloys, such as chromium, molybdenum 
and vanadium, are higher, the quench hardening and 
the effect of the tempering temperatures are not so 


pronounced. A comparison of weld metals Nos. 4 and 
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\ 
6 134.000 119,500 16.5 63.0 27 
; 7 135,500 125,000 18.0 55.0 28 a 
106 250 250 19.5 65.0 22 
2 141,000 
3 130,000 
4 115,500 
11. 


T T 


FROM END OF SPECMAEN IN SIUTEENTMS OF AN 


Fig. 2) Jominy hardenability curves 


6, Figs. 2 and 3, shows why manganese steels are pre- 
ferred over the straight carbon steels. 

The impact strength as shown in Figs. 4 to 8 were 
exceptionally uniform and bring out the fact that 
high-quality weld metal is produced with the low 
hydrogen type electrode. Stress relieving at 1150° F. 
for 1 hr. did not improve the notch toughness in weld 
metals Nos. 1 and 2. In weld metal No. 3 where the 
carbon content is higher and the alloys lower, stress 
relieving at 1150° F. was beneficial. In fact, this 
composition of weld metal responded to all the different 
heat treatments very satisfactorily, whereas weld 
metals Nos. 1 and 2 require at least a 1250° F. tem- 
pering temperature for satisfactory impact strength 
over the range of temperatures tested. A comparison 
between weld metals Nos. 4 and 6 (Figs. 7 and 8) 
shows the beneficial effect of manganese on the impact 
strength, particularly in the 1250° F. tempered condi- 
tion. 

Weld metals Nos. 1 and 2 have a considerably 
higher tensile strength in the as-welded condition 
due to their high alloy content which of course is the 
reason for their greater depth hardening as shown in 
the Jominy curves, Fig. 3. Since the tensile and hard- 
ness (Fig. 2) are considerably higher it is only natural 
that their impact strength is lower in this condition. 
It was somewhat disturbing that weld metal No. 2 
(Fig. 5) with the high nickel content did not have a 
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Fig. 3 Effect of tempering on impact strength of weld 
metal No. 1 


Fig. 4 Effect of tempering on impact strength of weld 
metal No. 2 


TESTING TEMPERATURE D&G F 
Fig. 5 Effect of tempering on impact strength of weld 
metal No. 3 
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Effect of tempering on impact strength of weld 
metal No. 4 


higher impact strength than weld metal No. 1) when 
its tensile strength was approximately 40,000 psi. 
lower in the 1250° F. tempered condition. However, at 
—80° F. the impact strength curve of weld metal No. 1 
was decreasing sharply, whereas with the weld metal 
No. 2 the curve was leveling off, indicating its superior 


impact strength at this low temperature. One of the 


QUENCH, 1250"F. TEMPER, 


FT. 485. 


EYHMOLE NOTCH, 


r 


CHARPY (MP, 


TESTING TEMPERATURE DEG. 


Fig. 7 Effect of tempering on impact strength of weld 
metal No. 6 


foundries using this weld metal No. 2 gives it a double 
draw at 1250° F. and this improves the impact but as 
vet we have not checked the double draw treatment. 
The selection of electrodes for a given job should 
be fairly simple when given all this information on 
their heat-treating properties. If, however, the physi- 
cal properties and hardness data are available in the 
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Fig. 8 The effect of heat treatment on 3 low-hydrogen high-tensile fabricating electrode weld metals 
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as-welded state only, it may be very confusing and 
difficult to make the proper selection. No. 3 Electrode 
was designed to match the properties of AIST 4130, 8630 
and similar steels, and this study has shown that they 
match very closely. No. 1 was designed for use with 
4340 type steels. No. 4 matches fairly closely the 
properties of the popular type manganese-carbon 
steels, and No. 6 that for the 1035 and 1040 straight 
carbon steels. No. 2 was developed for repairing cast- 


ings of similar ym posit ion. 


HIGH-TENSILE FABRICATING ELECTRODES 


Inasmuch as many electrodes are used for both 
fabricating and heat-treating purposes, we have in- 
vestigated two types which are being used success- 
One of 
these is referred to as the moly-manganese'*? and the 


fully for welding steels of high hardenability. 
other, a more recent development, a_nickel-moly- 
vanadium type." During World War IL the moly- 
manganese type was developed and used successfully 
both as a fabricating electrode for making strength 


FT 


GHARPY IMPACT KEYHOLE NOTCH 


TESTING TEMPERATURE DEG F 
ts-welded impact strength of the Mn-Mo, 100,000 


psi., low-hydrogen weld metal No. 5 


hig. 9 


welds and for repairing castings which were to 
be given a subsequent heat treatment. For making 


strength welds on high-tensile plate a preheat was 


Test 

Vo Heat treatment —+70 At 
7850 As-welded, 100° F. interpass 40 43 51 45 
827 temperature 404444 48 
8272 As-welded, 300° F. interpass 424444 43.3 

temperature 
S271A 950° F., 1 hr. and F, C.* 43 42 42.5 
TSSOA 1150° F., hr. and 28 30 29 29 
R301 1150° F. 5 hr. and F. C. 29 31 32 30.6 
SSOLA 1150° F. 10 hr. and F. C. 35 33 34 «34 
S271B 1250° F. hr. and 36 34.35 «(35 
1650° F. W. Q.t and 

S272B 950° F. 1 hr. and air cool 44 43 46 $4.5 
S272A 1100° F. 1 hr. and air cool 34.41 37 37.3 
7S50B 1250° F. 1 hr. and air cool #2 30 41 10 7 


Table 3—Effect of Various Heat Treatments on the Impact Strength of the Ni-Mo-V-100 Psi. Low-Hydrogen Weld 
Metal No. 8 


- 0 Av. 10 Ar. SU Ai 
4139 39 39.6 35 42 34 37 31 38 30) 35 
36 36.35 35.6 35 34 34 34.3 
30 41 37) 36 3453 46 44 
30 31 30 30.5 
22.6 21 24 26 24 24 26 22 24 
28 23 26 26 25 
27.6 27 23 21 
25 27 260 6 


Testing temperatures, ° F. 


42 35 41 39.3 30 32 28 30 30 25 25 26.6 


* furnace cool 
iW Q., water que neh 


Test 

Vo Heat treatment Av. 
7851 As-welded, 100° interpass 30 32 29 
S507 temperature 27 26 27) 
S474 29 27 28 28 
S471 As-welded, 300 F. interpass 35 35 
S508 temperature 34.28 500 37.35 


S274A 1050° F. 1 hr. and F. C.* 23 22 23 22.6 
TSOLA 1150° F. hr. and F. ¢ 23 18 20 20.3 
1150° F. 1 hr. and F, C. 

82738 1250° F. 1 hr. and F.C 32 33 34033 
S675 1250° F. 2 hr. and F. ¢ 

82748 1350° F. 1 hr. and F. ¢ 28 40 4 
S674 1350° F. 1 hr. and F, ¢ 

S673 1650° F. 1 hr. and F. ¢ 


1650° F., W. Q.t and 
7S51B 1250° F. 1 hr. and A. C 41 39 21 37 
83024 1250° F. 1 hr. and W. Q. 25 24 25 824.6 
8302B 1250° F. 4 hr. and W. Q. 39 30 34 «(34.5 
8302 1250° F. 1 hr. and F.C. 27 28 28 . 27.8 


Table t—Effect of Various Heat Treatments on the Impact Strength of the Ni-Mo-V, 120 Psi. Low-Hydrogen Weld Metal 


Testing temperatures, ° F. 
. 


0 Ap. At 1 
32 25 $1 14 16 17 
27 21.3 
22 25 
25 6 22.3 Wu 
24 21 
6S 
31 11 21 21 9 $3.5 3 3.2 
7 
15 
15 
31.3 
27 
30 


25 23 25 «24.3 18 25 29 24 19 20 20) «19.8 
1712 6 11.7 
29 27 28 
19 3 3 8.3 


* F. C.—furnace cool. 
+t W. Q.-—-water quench. 
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Fig. 10 Effect of stress relieving and tempering on impact 
strength of the Mn-Mo, 100,000 psi., low-hydrogen weld 


metal No. 5 


necessary when fabricating thicknesses over approxi- 
mately one-half inch. 
The nickel-moly-vanadium type was developed to 


be used without preheat. With this type a wide 


range of physical properties can be obtained by varying 
the percentage composition of these alloys but at 
present we have investigated only two strength levels, 
100,000 and 120,000 psi. as required by the latest 
military electrode specification MIL-E-986. The weld 
metal analysis for the 120,000 psi. studied was the one 
given by Franks and others.’ Figure 9 shows the 
chemical analysis and mechanical properties of the 
three electrode weld deposits, as-welded, stress re- 
lieved, quenched and tempered. Tables 3 and 4 and 
Figs. 10 to 15, inclusive, give the Charpy impact 
strengths as-welded and under various heat-treating 
conditions. Figure 10 shows the effect of preheat 
and interpass temperature on the impact strength of 
weld metal No. 5. Figure 3 shows the Jominy 
hardness curves. 
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TESTING TEMPERATURE DEG F 
Fig. 11 The as-welded impact strength of the Ni-Mo-V. 
100 psi., low-hydrogen weld metal No. 8 


APRIL 1952 Smith, Rinehart 


Low Hydrogen Electrodes 


DISCUSSION OF RESULTS 


The properties of the two types ol electrodes are 
quite different in their response to heat treatment 
The nickel-moly-vanadium 100 psi., weld metal No. 8, 
increases very little in hardness and tensile strength 
, Whereas the manganese- 
, increases from 100,000 


when quenched from 1650° F 
moly 100 psi., weld metal No. 5 
psi., as-welded, to 174,000 psi. with the corresponding 
increase in hardness, Fig. 9. Tempering reduces both 
hardness and tensile strength uniformly in nearly a 
straight line function. The Ni-Mo-V 120 psi., weld 
metal No. 7, follows a similar pattern as weld metal 
No. 8, but shows a slightly higher increase in tensile 
strength and hardness on quenching from 1650° F 


Stress relieving at 1150° F. increased the tensile 
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TESTING TEMPERATURE 
Fig. 12) The as-welded impact strength of the Ni-Mo-V, 


| 120 psi., low-hydrogen weld metal No. 7 


TESTING TEMPERATURE DEG F. 
Fig. 13 Effect of stress relieving and tempering on the 
impact strength of the Ni-Mo-V, 100 psi., weld metal No. 8 
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Campbell’s* results. There was no 
appreciable difference between the 
Ni-Mo-V type when welded at 100 
and 300° F. interpass temperature 
(Tables 2 and 3). 


Jominy hardness determinations 


y 


} 4 


FT 


+ 


were included in this study to bring 
out the difference in depth hardening, 
which is an important property of 
the weld deposit used in casting re- 


1000 


pairs that received a subsequent heat 
treatment for increasing hardness and 


toughness. The results of these de- 
terminations are shown in Fig. 3. 
While none of the three show an ap- 
| preciable amount of depth hardening 


| the moly-manganese type is much 
7s 


STRESS RELIEVING TEMPERATURE DEG 


Fig. 14 Effect of various stress relieving temperatures on impact and tensile 
strength of the Ni-Mo-V, 120 psi., weld metal No. 7 


strength of the Ni-Mo-V type from 7 to 10°) over the 
as-welded, whereas, the Mn-Mo type was reduced 
about the same amount. 

The impact strength in the stress-relieved condition 
shows «a marked difference between the two, Figs. 11 
and 14. In the Mo-Mn type the impact values follow 
a pattern like that of a conventional tough heat- 
treatable steel. The heat treatment, both in the 
stress-relieved and quenched and tempered state, 
lowers the tensile and increases the ductility and im- 
pact strengths in the expected manner. In the Ni- 
Mo-V type stress relieving at 1150° F. increases the 
tensile and lowers the impact strength (Figs. 10, 11, 12 
and 14 and Table 2). The effect on the impact strength 
due to stress relieving at 1150° F. is more pronounced 
on the 120,000 psi. than on the 100,000 psi. grade. 
Since the only difference in weld metal composition 
is the larger amounts of molybdenum and vanadium 
the influence of one or both of these alloys at tempera- 
tures around 1150° F. is responsible for this behavior 
Some authorities’ attribute this to a carbide precipita- 
tion in the range of 900 to 1200° F. The data given 
in Table 4 and Fig. 15 confirm this embrittling tempera- 
ture range and show that the heat treatment for the 
120,000 psi. grade should be stress relieved above 1250 
F., or quenched from above the critical temperature 
and tempered above 1250° F. for the optimum results 
in impact strength. While the impact strength of 
the 100,000 psi. grade is reduced by stress relieving 
at 1150° F., Fig. 14 and Table 2 show that it has not 
impaired its usefulness in the temperature range in- 
vestigated. The effect of preheat interpass 
temperature on the impact strength of weld metal 
No. 5 (Mo-Mn type) is shown in Fig. 10. This indi- 
cates that better impact strengths are obtained with 
the higher preheat which is not in agreement with 
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po greater than either of the Ni-Mo-V 
a electrodes. 

The increase in tensile strength and 
hardness in the as-quenched state of 
the Mn-Mo type, shown in Figs. 
9 and 16, illustrates quite clearly why 
this electrode can be used successfully 
for repair of alloy steel castings which are to receive 
subsequent heat treatment for hardening; on the other 
hand the Ni-Mo-V type can be used very successfully 
in the repair of castings that are to receive no subse- 
quent heat treatment. 

In making a choice between these two types of 
electrodes it would seem that the moly-manganese 
type is the better electrode for both strength and 
repair welding where the weldment is to be given a 
heat treatment for increasing strength and hardness 
after welding. On the other hand, the Ni-Mo-V type 
is to be preferred if the weldment is to be made with 
little or no preheat and no subsequent heat treatment. 
Experience over the past several years’ use of both of 
these types shows that highly restrained weldments re- 
quire from 150 to 200° F. more preheat for the Mo- 
Mn than the Ni-Mo-V type. While the Ni-Mo-V type 
is reduced in its impact strength by the usual stress- 


mor 


Fig. 15 The effect of tempering on the tensile strength 
of the Ni-Mo-V weld metals Nos. 7 and 
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relieving temperature, the reduction is not sufficient 
on the 100,000 psi. grade to impair the weldment. 


If the weldment is to be stress relieved when using 
the 120,000 psi. grade, temperatures above 1250° F. 
should be used for best results as shown in Fig. 15. 

While these examples represent only a few of the 
conditions which may be encountered in the proper 
selection of a high-tensile electrode for fabrication 
or repair welding which require heat treatment, It 1s 
believed a study of this kind will provide a more in- 
telligent approach to the problem. 
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Preheating for Welding 


6 A review of information and experience to produce 
crack-free welded joints under a wide variety of conditions 


by Arthur B. Tesmen 


NE of the most troublesome features of the welding 

process is the danger of cracks developing § in 
the weld metal or in the adjacent base metal 
zone. 

Today's conditions serve to increase the normal 
risk of crack formation. One adverse factor is the 
pressure for stepping up output during the present 
emergency. Newly trained welders, temperamental 
steel compositions and various material shortages, 
with specifications remaining as rigid as ever, combine 
to make the work of the welding supervisor or engineer 
more troublesome than ever. 

What causes cracks in welds? What factors result 
in conditions that favor weld cracking? What, if any, 
are the means of preventing cracks from occurring? 
In considering these questions we must remember 
that welding usually involves greater and more violent 
changes of temperature than other fabricating proc- 
esses. Some of the complicated metallurgical factors 
involved in the welding operation are not fully under- 
stood as yet. Nevertheless, we can supply satisfactory 
answers to many of these questions, and the purpose 
of this paper is to review some of the knowledge and 
experience which enables us to produce satisfactory 
erack-free weld joints under a wide variety of conditions. 

There are two areas in a welded joint which may 
erack as a result of the welding operation. The first 
is a portion of the so-called heat-affected zone adjacent 
to the weld. The second area which may crack under 
certain conditions is the weld metal itself. However, the 
weld metal used for most purposes has so low a carbon 
content that it does not change its properties as mark- 
edly as the base metal even under the most rapid 
rate of cooling likely to occur in welding. Therefore, 
the weld metal itself is less prone to cracking than the 
so-called heat-affected zone. 

In view of this, we usually concern ourselves pri- 
marily with the base metal in the immediate vicinity 
of the weld. It is the metal closest to the weld that 
cools most rapidly, and in many cases undergoes 
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important changes in the structure and properties 
that may lead to cracking. 

Preheating before welding is a well-recognized pre- 
ventive measure against cracking. It was used for 
many years before scientific reasons were advanced to 
explain its function in preventing cracks. The impor- 
tance of preheating is shown by the fact that recommen- 
dations for preheating are written into modern welding 
specifications wherever there is the slightest risk of 
weld defect being present. 

However, it is less generally recognized that pre- 
heating also contributes other useful effects. This 
paper will review briefly the fundamental principles 
involved in preheating, describe some of the beneficial 
effects of preheating and outline several procedures 
commonly used for preheating. 

Preheating has been defined as 
ature of metal above the temperature of the surround- 
ings before welding.” It may be added that sometimes 


‘ 


‘raising the temper- 


the entire part is preheated, this being the general pre- 
heat; or, only the vicinity of the weld is heated, and 
this is called local preheat. 

There are five principal reasons for preheating. 
These are listed in Table 1. 


Table 1—Effects of Preheating 


Eliminates or lessens the danger of crack formation. 
Minimizes hard zones adjacent to weld. 

Minimizes shrinkage stresses. 

Lessens distortion. 

Enhances diffusion of hydrogen from steel. 


Preheating, therefore, increases the ability of a 
welded joint to withstand service conditions; as 
will be shown below, preheating may actually be 
viewed as a heat-treating operation. 

How does preheating accomplish these beneficial 
results? In order to answer this question it is necessary 
to consider several important metallurgical principles. 

The making of any weld involves two metallurgical 
processes: First, the melting of the edges of the joint 
and of the electrode material, followed by solidification 
which forms a single integral weld structure; second, the 
heating and subsequent cooling of the zone of the 
parent metal adjacent to the weld. 

The heat generated during welding will have two 
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separate effects on the welded joint. Depending on 
metal composition, temperature reached and cooling 
rate there will be a specific effect on microstructure 
of the metal, which will in turn determine such prop- 
erties as strength, toughness, ductility, shock, corro- 
forth. We will call 
perhaps somewhat arbitrarily, the metallurgical effects. 


sion resistance and = so these, 


Second, heat will cause distortion and shrinkage 
stresses in the weld joint, this being dependent on the 
shape and geometry of the joint, the degree of restraint, 
heating and cooling rates and time at maximum tem- 
perature. We will call these the mechanical effects. 
Actually these two effeets occur simultaneously and 


are interdependent, but they are separated in’ this 
discussion for convenience and simpler understanding 
The welded joint, although actually a single integral 
structure, may be considered to consist of three distinct 
zones which merge into one another. The three zones 
are: The weld metal, the heat-affected zone and the 
plate material, sometimes called the base metal 

which is a macrograph of a single pass 


thick, shows these 


Figure 1, 
butt-weld joining two plates 1 in 
three zones. The weld metal A is that portion which 


has been in molten state and consists of a mixture 
of the electrode material which has been deposited 
and plate material which has been melted during 
welding 

is that 


which, although not melted during the welding oper- 


The heat-affected zone, shown as B area 
ation, has been heated to temperatures sufficiently high 
to change its original microstructure and properties 
This zone consists of a sequence of several! distinctly 
different structures whose precise character and extent 


material C is the area that has not been affected by 
The 


photograph indicates the approximate maximum tem- 


the weld thermal cycle diagram below the 


peratures reached in each zone while the weld was 


being made. The temperatures and structures shown 
indicate that the thermal cycle of the welding operation 
which 


In order 


subjects the metal to a heat treatment con- 


siderably alters its structure and properties 
the changes introduced 


to understand the nature of 


into steel by heating and cooling cycles, one must 
consider the iron-carbon diagram, 

The iron-carbon diagram is a summary of the physical 
changes which occur in steels and cast irons when the 
temperature is varied. Figure 2 shows a portion of 
the iron-carbon diagram with some additional useful 
metallurgical and fabricating information superim- 
posed on it 

This diagram illustrates the effects on steel structures 
of temperature changes that accompany the welding 


operation. Typical welding grade of steel, 0.25°; 


carbon for example, if heated to a temperature above 
1525° F. 


which has a face centered crystal structure, called 


becomes a solid solution of carbon in iron 


austenite. On slow cooling the austenite remains un- 
until the 1500° F 
At this point austenite begins to break 


changed temperature of about 
is reached. 
down and form a new phase. This new phase is almost 
pure iron with a body centered structure and it is 
called ferrite. This process continues until the tem- 
perature of 1350° F. is reached. At 1350° F. 
still another 
Thus on slow cooling to room temper- 


the re- 


maining austenite transforms to phase 
called pearlite 


ature steel will be composed of a ferrite-pearlite struc- 


depend upon the conditions of welding. The plate ture. This structure is soft and ductile. However, 
the cooling rates in welds are as a 
rule not slow but quite rapid 
Drastic cooling of steel results in 
formation of a hard and brittle struc- 
ture called martensite. Thus, instead 
of soft and ductile pearlite we get 
hard martensite, which due to its 
low duetilitv has pool ability to 
withstand welding stresses. It is the 
formation of this brittle structure 
adie lenin in the base metal that causes much 
This metallurgical knowledge helps 
\ THERMAL CONDITIONS IN A to interpret some of the typical strue- 
pies aaa? \ MILO STEEL FUSION WELO tures that may be found in the 
ROY, joint. These are shown in Fig. 3 
seen It is apparent that Zone 1 has 
been coarsened by the welding proc- 
a ess and consists of a needlelike mar 
, tensitic structure; Zone 2 has been 
NO APRARENT STRUCTURAL CMANGE refined by the heat incident to the 
-—* welding operation and Zone 3 is a 
0 DISTANCE FROM CENTER-LINE OF WELD transition zone. Figure 3 also shows 


Courtesy t S. Steel Corp Lah, 


Fig. 1—Typical macrostructures and maximum attained temperatures in a 
butt weld 
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the typical normalized structure of 
the original unaffected parent metal. 


Preheating for Welding 307 


q 
5 
Aa 
: 
= 
| 


Basic Guide to Ferrous Metallurgy 


BLACK HEAT RANGE 


SUB-ZERO TEMPERATURE 
the lower the temperature, 
the lower the impact resistance 
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changes which radically affect the properties of the material. 


vows Termed Ac, on heating, Ar, 
on cooling. Below structure ordinarily consists of rerarre and 
On heating through Ac,, the solid 
Perarre and the solid peaatire begin to dissolve in each other to form 
austentre (see 15 below) which is non-magnetic. This dissolving 
action continues on heating thru the carncar Rance until the solid 
solution is complete at the upper critical temperature. 


(Ay). Termed Ac, on heating, Ary 
on cooling. Above this temperature the structure consists of aus 
entre which coarsens with increasing time and temperature. \/pper 
critical temperature is lowered as carbon increases to 0.85°5 (eu- 
tectoid pount). 


MOBALING consists of heating steels to slightly above Ac,, hold- 
ing for austenrre to form, then slowly cooling in order to produce 
amall grain size, softness, good ductility and other properties. On 
cooling slowly the austenrre transforms to FeRarre and PEARLITE. 


NORMALIZING is similar to annealing except that cooling s done 
in still air. On cooling, ausTentre transforms giving somewhat higher 
strength and hardness and slightly less ductility than in annealing. 


UPPER CRITICAL TEMPERATURE. 


wr RANGE is above the FORGING RANGE. BURNED 
be cured except by remelung. 


© sn RELIEVING consists of heating to a range definitely below 
the Lower carnca Temperature, holding for one hour or more 
per inch of thickness, then slowly cooling. Purpose is to allow che steel 
to relieve itself of locked-up stresses. 


which range steels are more brittle than above or below this range. 
Peening or working of stee! should not be done in this range 


ant 


CABBURIZING consists of dissolving carbon into surface of steel by 
heating to above critical range in presence of carburizing compounds. 


saree consists of heating certain special steels to about 
1000°F. for long periods in the presence of ammonia gas. Nitrogen 
is absorbed into the surface to produce extremely hard “skins.” 


consists of heating 10 just below the critical range 
to put the CEMENTITE constituent of PEARLITE in globular form. This 
produces softness and in many cases good machinabiliry 


cis and has 
magnetic very slight 


@ is the no0-magnetic form of iron and has the power 
to dissolve carbon and alloying elements. 


Osco or MON CaRBwDE is a chemical compound of iron and 


is a mechanical mixture of reaarre and camentire. 
STEEL contains approximately 0.85% carbon. 


MARTENSITE is an extremely hard constituent of steels, formed by 
the rapid transformation of austenrre. 


@ num occurs in many alloy steels and is a defect characterized 
by localized micro-cracking and “flake-like” fracturing. It is usually 
attributed to hydrogen bursts. Cure consists of cycle cooling tw at 
least 600°F. before air-<ooling. 


OPEN OR RIMMING STEEL is nor completely deoxidized and the 


“ sufficiently to solidify 
mus: Beinell Hardiness divided by cwo, times 1000, 


equals apprommate Tensile Strength in pounds per square inch. 
(200 Brinell 2 x 1000 = approx. 100900 Tense Strength, psi.) 
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The principal danger of cracking is found in Zone 1 
which consists principally of coarsened martensite. 
Figure 4 shows this structure under higher magnifica- 
tion. The brittle martensite present gave rise to a 
crack which in all probability, will eventually extend 
further under the influence of welding stresses 

The factors just described comprise the metallur- 
gical effects of the welding operation. The mechanical 
effects of the heating and cooling cycles during welding 
result in sudden and highly nonuniform expansion 
and contraction. These will set up stresses that cause 
the welded joint to deform continually during and 
after the welding cycle. In general a metal will crack 
if stresses exceed its ability to deform. Thus a weld 
joint composed of a material which possesses sufficient 
ductility —such as ferrite and pearlite--will deform with- 
out cracking while a weld which contains a brittle struc- 
ture such as martensite may react to thermal stresses by 
cracking. This illustrates the interdependence of 
metallurgical and mechanical considerations stated 
previously. 


Courtesy Lehigh University 


Fig. 4—Initial crack in hardened portion of the heat af- 
fected zone of the weld 
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Fig. 3—Typical microstructures in the heat-affected zone of a butt weld 
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Fig. 5 Effect of carbon content in 

plain carbon steels after weld harden- 

ing procedure 
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With this background, the five factors which deter- 
mine the ability of steel to be welded without cracking 


can be listed as follows: 


Table 2 


l Composition of steel 

2. Rate of heating. 

3. Maximum temperature attained and length of time at tem- 
perature 

Rate of cooling. 

5. Hydrogen entrapment 


The chemical composition of steel has a very im- 
portant bearing on the hardness and brittleness of 
the weld joint for several reasons: First, because 
higher carbon content promotes the formation of mar- 
tensite, and second, because the final hardness or 
martensite itself depends on the carbon content of 
steel. The effect of carbon content on hardness of steel 
subjected to welding is shown in Fig. 5. This, of course, 
is the reason why steels of higher carbon analysis are not 
considered easily weldable. Certain alloying elements 
such as molybdenum, manganese, vanadium and chro- 
mium also have a distinct hardening effect, promoting 
the formation of the crack-inducting martensite. The 
relative hardening influence of the important alloying 
elements is indicated in Fig. 6. Thus the higher the 
carbon and alloy content of steel the more readily 
it will harden in the heated zone, and therefore the 
slower the cooling rate will have to be in order to pre- 
vent cracking. 

The next three factors in Table 2 are of thermal 
nature. The great and violent changes in temperature 
involved in welding can be illustrated by temperature 
changes of a point in the heat-affected zone of a weld 
Such a typical time-temperature curve is shown in 
Fig. 7. Within the first second after welding this 
point rapidly reaches a very high temperature of 
approximately 2450° F., and then drops in the next 
few seconds to temperatures below 500° F. 
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hardening influence of 
alloying elements 


The rate of heating is important for two reasons. 
First, because rapid heating may result in high thermal 
stresses, and second, because rapid heating will cause 
a high cooling rate thus promoting the formation 
of brittle martensite. The rate of heating will deter- 
mine the steepness of the rising portion of the curve 
in Fig. 7 and it will vary with the welding process or, 
more specifically, with the method used for generating 
heat at weld joint——electrie arc, oxyacetylene, heliare 
and so on. For example, the electric are provides a 
faster rate of heating than the oxyacetylene because 
‘the are is a more intense heat source, and is in more 
intimate with the metal. The maximum 
temperature and the time at temperature are important 
because they determine the amount of austenite that 
will be formed and thus the amount of change in micro- 


contact 


structure which will take place. 

The maximum temperature attained and the time 
at temperature besides being influenced by the welding 
process employed are also dependent on other factors 
such as the time and speed of welding, are current, 
are voltage and the welding sequence. In other words, 
the maximum temperature reached depends upon the 
heat input of a welding rod. A '/,-in. diameter elec- 
trode used at 400 amp. and 40 vy. will result in higher 
maximum temperature of a joint in the heat-affected 
zone than a '/sin. electrode used with 150 amp. and 
20 v. 
any location in the heat-affected zone if the speed of 
travel were 6 in. per minute instead of 12 in. per minute, 


A higher temperature will also be obtained at 


other factors being equal. The use of string bead or 
weave technique, the number of layers and the time 
between succeeding weld beads all play an important 
part in determining the maximum temperature at- 
tained. 

Of the five factors in Table 2 the rate of cooling has 
the greatest influence on the structures of the heat- 
Tesmen 
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time-temperature 
curve for a point in the heat-affected 
sone of a weld 


Courtesy Air Reduction Sales Co 
Fig. 8 Temporary firebrick charcoal 
fired furnace for preheat of castings 


affected zone. As shown previously the cooling rate 
will determine the final structures of the transformation 
products which result from the welding operation. 
If austenite is cooled slowly the transformation prod- 
ucts will be soft and ductile. If the transformation 
from austenite is rapid, the final products will be 
brittle and may crack if stressed. As welding is a 
quick process, the cooling rates are quite rapid and 
the portions of the heat-affected zone are likely to 
consist of this brittle constituent. Thus the cooling 
rate determines the hardness and brittleness in the 
heat-affected zone and by controlling the cooling rate 
it is possible to create welding conditions which will 
prevent this brittle structure from forming, and thus 
prevent cracks. The rate of cooling is dependent 
on the mass and geometry of the piece to be welded, 
the temperature gradient the weld joint 
and the base metal and the total heat input. 
Some authorities believe that cracks in 


bet ween 


welds are 
due to hydrogen introduced into the base metal from 
the coatings of welding rods. As hydrogen is more 
soluble in molten than in solid steel, it will seek to 
escape from the supersaturated solution as metal cools 
down to room temperature. 
is trapped within a discontinuity in the metal, and 


If the escaping hydrogen 


if such entrapment occurs within a hardened area, 
cracking may result. 

Two practices are commonly utilized to prevent 
the formation of cracks in welded joints: Preheating 
and Preheating is 
cracks during and immediately after the 
operation, and postheating to insure crack-free welds 


postheating. used to prevent 


welding 
before the metal enters service and also to insure 


satisfactory metallurgical properties to withstand 


service conditions. Preheating acts to prevent cracks 
in several ways. First, it reduces the thermal gradient 
between base and weld metals. For example, a drop of 


THe WELDING JOURNAL 


4 

y VANADIUM 1000 

‘ 


only 2000° F. occurs if a weld is preheated to 800° F. 
as compared with the 2730° drop from 2800° to 70° F 
for a weld made at room temperature. This reduces the 
cooling rate preventing the formation of brittle marten- 
site and causing metallurgical transformations to take 
place that produce softer and more ductile constituents 
Thus preheating reduces the hardness of the heat- 
affected zone and the tendency to cracking. 

As steel is less heat conductive at higher temper- 
atures, preheating causes slower withdrawal of heat 
from the welded joint. This further lowers the cooling 
rate with correspondingly beneficial effects 

Preheating has been found to be helpful in elimi- 
nating hydrogen entrapment in the base material 
Many fabricating procedures recommend preheating 
even in conjunction with the low-hydrogen type elec- 
trodes. Although the are atmospheres of the so-called 
hydrogen-free electrodes contain very small amounts 
of hvdrogen-——even traces of this element are sometimes 
sufficient to cause cracking in the embrittled heat- 
affected zone. 

The useful effects of preheating can be summarized 
as follows: Hard martensitic zones occur in weld joints 
as a result of rapid cooling rates. These hard zones 
are likely to crack during or after the welding operation 
The shrinkage stresses due to cooling augmented by 
the volume changes of steel during phase transitions 
may exceed the capacity of the hard zone to deform 


and thereby crack it. This may be aided | 


the 
presence of hydrogen which has an embrittling effect 
on steel. Preheating prevents weld cracking in three 
ways: It minimizes the formation of the brittle marten- 
site, it causes austenite to transform very slowly to 
martensite and it increases the diffusion and escape 
rate of hydrogen 

The foregoing is summarized in practical terms in 
Table 3 as the eleven factors which increase the need 


for preheating 


Table 3 
Preheating Need Is Increased If the Welded Piece 


1. Has larger mass, 

2. Isat lowertemperature 
3 Is in an environment of lower temperature 
1. Is welded with smaller rod diameter 

5 Is welded at greater linear speed 

Has complicated shape and design 

7 Has large variation in size of adjacent parts 
Ss Has higher carbon content 

9. Has higher manganese content. 

10. Has higher alloy content 

11. Has greater air-hardening capacity 


A chart which summarizes recommended preheat 
temperatures for 79 commonly used metal and alloys 
is shown in Table 4. 

Preheating is usually accomplished by various 
methods. The most popular ones involves the use 
of gas torches, various other types of burners, regular 
heat-treating furnaces, electrical strip heaters, low- 
frequency induction heating and firebrick furnaces 


T 
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Fig.9 Continuous annealing furnaces used for preheat of 
castings 


utilizing charcoal or coke as fuel. The choice of a 
particular method depends, of course, on many factors 
such as the preheating temperature and length of 
preheating time required, size and shape of piece 
being welded, whether production is of a batch o1 
A typical firebrick 
furnace construction which utilizes charcoal or coke 


continuous type and so forth. 
as fuel is shown in Fig. 8. This type of furnace is 
popular for temporary work as it can be readily erected 
and, if necessary, easily dismantled. In many shops 
regular heat-treating furnaces, such as shown in 
Fig. 9, are utilized for preheating. These are partic- 
ularly advantageous in mass production work, and 
are sometimes combined with the other methods of 
preheating in order to save labor and fuel. For 
example, the castings preheated in continuous anneal- 
ing furnaces shown in Fig. 9 are removed to the casting 
repair area where specially shaped multiple jet heating 
torches (Fig. 10) are used to maintain preheat temper- 
atures attained in furnaces. 

In heavy fabrication like shipbuilding and the 
manufacture of large pressure vessels which require 
continuous application of preheat, a popular method 
utilizes electrical strip heaters, shown in Fig. 11 


Courtes The Welding Engineer 


Fig. 10 Preheat imparted by continuous furnaces is main- 
tained by means of gas torches anc asbestos blankets 


Preheating for Welding 311 


| 
| 
: 


Table 4—Preheat Temperatures for Metals and Alloys 


METAL 
DESIGNATION 


APPROXIMATE COMPOSITION — PERCENT 


METAL 


Mn. Si. Cr. Ni. Mo Cu. 


RECOM. 
MENDED 
PREHEAT 


PLAIN CARBON STEEL 
PLAIN CARBON STEEL 
PLAIN CARBON STEEL 
PLAIN CARBON STEEL 


PLAIN CARBON STEEL 
PLAIN CARBON STEEL 
PLAIN CARBON STEEL 
PLAIN CARBON STEEL 


UP TO 200°F 
200 F-300°F 
F-S00°F 
F-800°F 


CARBON MOLY STEEL 
CARBON MOLY STEEL 
CARBON MOLY STEEL 


CARBON MOLY STEEL 
CARBON MOLY STEEL 
CARBON MOLY STEEL 


F.500°F 
-600°F 
F.800°F 


SILICON STRUCTURAL STEEL 
MEDIUM MANGANESE STEEL 
SAE T 1330 STEEL 

SAE T 1340 STEEL 

SAE T 1350 STEEL 

12% MANGANESE STEEL 


SILICON STRUCTURAL STEEL 
MEDIUM MANGANESE STEEL 
SAE T 1330 STEEL 

SAE T 1340 STEEL 

SAE T 1350 STEEL 

MANGANESE STEEL 


F.500°F 
F.S00°F 
F.600°F 

600° F.900°F 

USUALLY NOT 
REQUIRED 


MANGANESE MOLY STEEL 
JALTEN STEEL 

MANTEN STEEL 

ARMCO HIGH TENSILE STEEL 
DOUBLE STRENGTH 21 STEEL 
DOUBLE STRENGTH = 1A STEEL 
MAYARI R STEEL 

OTISCOLOY STEEL 


NAX HIGH TENSILE STEEL | 


CROMANSIL STEEL 

A. W. DYN-EL STEEL 

CORTEN STEEL 

CHROME COPPER NICKEL STEEL 
CHROME MANGANESE STEEL 
YOLOY STEEL 

HI-STEEL 


MANGANESE MOLY STEEL 
JALTEN STEEL 
MANTEN STEEL 


DOUBLE STRENGTH STEEL 
MAYARI ® STEEL 

OTISCOLOY STEEL 

NAX HIGH TENSILE STEEL 
CROMANSIL STEEL 

A. W. DYN-EL STEEL 

CORTEN STEEL 

CHROME COPPER NICKEL STEEL 
CHROME MANGANESE STEEL 


] YOLOY STEEL 


HI-STEEL 


|| ARMCO HIGH TENSILE STEEL | 
| DOUBLE STRENGTH 1 STEEL 


300° F.S00°F 


400 °F .600°F 


400 F.600°F 
UP TO 200°F 
300 'F.600°F 
400°F.700°F 
UP TO 300°F 
200° F.400°F 
UP TO 300°F 
300 'F.400°F 
UP TO 300°F 
200°F-400°F 


400°'F.600 
200 .600 
200 F.S00 


SAE 2015 STEEL 

SAE 2115 STEEL 

2% NICKEL STEEL 
2315 STEEL 
2320 STEEL 
2330 STEEL 
2340 STEEL 


SAE 2015 STEEL 
SAE 2115 STEEL 
2%, NICKEL STEEL 
SAE 2315 STEEL 
SAE 2320 STEEL 
SAE 2330 STEEL 
SAE 2340 STEEL 


UP TO 300 
200 F.300 
| 200 
200 'F.500 
200 'F.500 
300 
400 'F.700 


MEDIUM 
NICKEL 
CHROMIUM 
STEELS 


3115 STEEL 
3125 STEEL 
3130 STEEL 
3140 STEEL 
3180 STEEL 
3215 STEEL 


3230 STEEL 
3240 STEEL 
3250 STEEL 
3315 STEEL 
3325 STEEL 
3435 STEEL 
3450 STEEL 


SAE 3115 STEEL 
SAE 3125 STEEL 
SAE 3130 STEEL 
SAE 3140 STEEL 


200 
300 F.S00 
400 F.700 


SAE 3150 STEEL 
SAE 3215 STEEL 
SAE 3230 STEEL 
SAE 3240 STEEL 
SAE 3250 STEEL 
SAE 3315 STEEL 
SAE 3325 STEEL 
| SAE 3435 STEEL 


SAE 3450 STEEL 


MOLY 
BEARING 
CHROMIUM 
AND 
CHROMIUM 
NICKEL 
STEELS 


4140 STEEL 
SAE 4340 STEEL 
SAE 46/5 STEEL 
SAE 4630 STEEL 
SAE 4040 STEEL 
SAE 4820 STEEL 


SAE 4140 STEEL 
SAE 4340 STEEL 
SAE 4615 STEEL 
SAE 4630 STEEL 
SAE 4640 STEEL 
SAE 4820 STEEL 


i 


000 F.800 
600 F.800 


STEELS 


2% Crlfy% Mo. STEEL 
2% Crlfy% Mo. STEEL 
2% Cr-1% Mo. STEEL 
2% Cr-1% Mo. STEEL 


—4 


2% Cr/y% Mo. STEEL 
2% Mo. STEEL 
12% Cr. 1% Mo. STEEL 
2% Cr. 1% Mo. STEEL 


400 F.600 
| 500 'F.800 
$00 'F.700 
600°F.800 


MEDIUM 
CHROME 
MOLY STEELS 


5% Mo. STEEL 
5%, Mo. STEEL 
8% Cr.1% Mo. STEEL 


5% Mo. STEEL 
5% Mo. STEEL 
8%, Cr-1%, Mo. STEEL 


500 F.800 
600 'F.900 
600 F-900 


PLAIN HIGH 
CHROMIUM 
STEELS 


12.14%, Cr. TYPE 410 
16-18% Cr. TYPE 430 
23.30%, Cr. TYPE 446 


12.14% Cr. TYPE 410 


300°F-S00 


300 F500 


300 'F.500°F 


HIGH 
CHROME 
NICKEL 
STAINLESS 
STEELS 


18% Cr. 8% Ni. TYPE 304 
25-12 TYPE 309 

25-20 TYPE 310 

18-8 Cb. TYPE 347 

18.8 Mo. TYPE 316 

18-8 Mo, TYPE 317 


18-8 Cb. TYPE 347 
18-8 Mo. TYPE 316 


18-8 Mo. TYPE 317 


USUALLY DO 
NOT REQUIRE 
PREHEAT BUT 
tT MAY 
OLSRABLE TO 
REMOVE CHILL. 
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STEELS 
MOLY 20..30 400 
3s 80 
20.25 | 1.01.75 
MANGANESE 20 175 
STEELS 40 175 
so 7s 
12s 120 
3smax.| 150 | 30 
HIGH MAX SO MIN. | 05MIN. | .35 MIN. 
TENSILE 75 501.25 | 10MIN. | 501.50 
: STEELS 3OMAX.| 75 50-125 | 10MIN. | .50-1.50 
| 75 3s 21.0 25.75 60 
12 MAX. 125 | | 10 MAX. 50 MAX. 
: (SEE ALSO 15.25 60 a7 MAX. | .25MAX. | Zr. .12 
14 MAX 1.28 so 
STEELS 40 
BELOW) 12 MAX, 25-1.0 S15 5S MAX. 
| 75 15 15 SS 
40 90 40 | 
Max} 3 MAX. 55 9.1.25 
10..20 50 
20 3.50 | 
30 3.50 | 
40 3.50 
SAE 60 1.25 
SAE as 40 1.25 
SAE 30 12s 
SAE 50 0 1.28 600 
SAE 1.00 175 300 -500 
SAE 30 1.00 75 $00 'F.700 
SAE 40 1.00 75 700 F-1000 
SAE so 1.00 1.75 900 F-1100 
SAE 1.50 3.50 $00 F.700 
SAE 25 1.50 350 900 F-1 100 
SAE 3.00 | 900 F-1 100 
sat so 15 390 900 F.1 100 
4” 700 F900 
400°F 
Low | UPTO 20 os 
MOLY UPTO 20 10 
— 
16-18% Cr. TYPE 430 
23-30%, Cr. TYPE 446” 
: 7 18.0 80 18%, Cr. 8% Ni. TYPE 304 2 
25.0 120 25-12 TYPE 309 
10 25.0 200 25-20 TYPE 310 
| o 18.0 80 | 
— 


Courtesy the Newport News Shipbuilding § Dry Dock Co 
Fig. 11 Electrical strip heaters in place on a typical shell 
repair 


Another widely employed method utilizes low- 
frequency induction heating and is particularly useful 
where close temperature control is required. Figure 
12 shows the use of induction heating in preheating of 
alloy steel piping prior to welding. 

Preheating before welding is now widely accepted as 
a desirable fabricating procedure. Both ferrous and 
nonferrous metal producers state recommended pre- 
heating temperatures for welding their materials. 


Prescribed preheating temperatures and procedures 


are today included in the majority of fabricating 
specifications. While preheating methods and temper- 
atures will depend on many factors like metal com- 
position and mass, fabricating methods and _ service 
conditions, there is unanimous agreement that pre- 
heating before welding is the best possible insurance 
against cracks. 


Courtesy “The Welding Engineer’ 
Fig. 12 Preheating by induction during welding 
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Should Welding Be on lis Own in Education? 


Discussion by Donald 8S. Clark 


There should be no question about welding being an 
important process in the field of engineering. It can 
be in many instances a means of fabrication or repair 


which is more economical and better for strength than 


Donald S. Clark ix Professor of Mechanical Engineering, at the California 
Institute of Technology, Pasadena 


Paper by Richard C. Wiley was published in the July 1951 issue of Tue 
Wetpine pp. 602 606 
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some other methods. The design engineer must be 
conversant with what can be done by welding and with 
welding in relation to the strength of welded structures 
One should bear in mind that there are many different 
methods of fabrication, each of which has its ad\ antages 
and limitations. 

What do we as educators expect to accomplish in 
four vears of undergraduate training in the engineering 
college? What does industry expect of the engineering 
graduate as he leaves the college and enters employ- 


ment? The answer to the first question depends in 
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part on the answer to the second question. As far as 
I have been able to determine, by discussing this ques- 
tion with industrial representatives in my capacity as 
Director of Placements, they want men from engi- 
neering colleges who are mentally flexible, who have had 
their thinking power developed, who have developed 
their power of vision and leadership, and who have 
learned the fundamentals of science that form the foun- 
dation of engineering. Industry wants engineers who 
are live men and who can engage in cooperative efforts 
with a minimum of personality conflicts. These should 
be the objectives of engineering education. To ac- 
complish them there must be a proper balance between 
the basic sciences, analytical engineering courses, lab- 
oratory courses, and the humanities. It is apparent 
that more and more of the engineering colleges are 
tending toward this broader form of training. 

How many students know, when they enter an en- 
gineering college, that they wish to become specialists 
in fields such as welding? Most of them are not cer- 
tain as to which of the broad fields of engineering they 
may Wish to pursue. A large number of students do 
not formulate any specific notion of specialization by 
the time they are seniors and this is probably a healthy 
condition. A man cannot determine it he will be 
successful in some specific phase of the all-inclusive 
profession of engineering until he has had an oppor- 
tunity of being intimately associated with that phase 
under actual working conditions. This cannot be done 
by the engineering colleges. Practice is secured most 
effectively through industrial employment. 

Integration of fundamental subject matter in the 
engineering curriculum is extremely important, but 
difficult to accomplish. Most educators recognize the 
“pigeon-holing” tendency of students when different 
subjects are covered over the four-year period. Meth- 
ods by which this differentiation of subject matter is 
decreased are not simple, but some advances have been 
made in certain quarters. Any time a specialty course 
is inserted in the curriculum, the tendency toward in- 
tegration is decreased, This is what happens when a 
special course in welding is introduced. If this course 
is to contain such material as processes, techniques, 
testing, metallurgy, and design in welding, then specialty 
courses should be established to cover in detail casting, 
forging, cold forming, ete. ‘This we should not do. All 


of these processes should be considered together. They 
should be introduced in early courses in engineering 


materials and processes and later in courses in design 
and engineering metallurgy. 

The reticence of the engineering colleges to include 
special subjects or courses in welding isnot, as Prof. Wiley 
states, a question of losing students to newer fields and 
loss of prestige. We, as educators, are concerned with 
teaching young men the things which will assist them 
to grasp opportunity and to enjoy living as a part of a 
free society. We should not be concerned whether we 
are civil, electrical, aeronautical, chemical, or mechan 
ical engineers; we are all engineers with different capac- 
ities and different likes and dislikes. Naturally we 
like best those who enjoy the same things we do. We 
balk at specialized courses, because we believe such 
sarly specialization at the sacrifice of fundamentals, is 
not to the students’ long-range benefit. 

It is well known that a large number of men who grad- 
uate in engineering are engaged in quite different types 
of work ten years after graduation than when they 
started out in their engineering career. We must leave 
our graduates flexible, and this can be done only by 
directing our attention to fundamentals and such in- 
tegrated practices as are necessary in engineering. 

The teaching of technicians is a different matter. In 
this case, a man is trained to carry on a specific opera- 
tion. Therefore, he must be directed into that specialty 
Certainly we need technicians and they must be trained, 
but we also need forward thinking engineers who will 
not carry on only by “rule of thumb,”’ but will utilize 
their developed analytical ‘ability. 

Industries can help in the education of our under- 
graduates. They can help the student in his problem 
of orientation. They can help the student to visualize 
some of the practical applications of his college work 
They can also benefit themselves by carefully looking 
over the field of young men who will be seeking full- 
time employment. This help can be given by summer 
work and training programs. This of course is a 
problem, but a solution can be found to the benefit ot 
all. 

In conclusion, I believe that Prof. Wiley’s article 
should stimulate some thought by engineering educa- 
tors even though I think his approach to the problem 
is incorrect. It is probably true that there are some in 
engineering education who are behind the times. Let 
us get the fundamentals of welding into our under- 
graduate engineering curriculum by integration, not 
by differentiation. 
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Steel Castings 


Foreword 


The report which follows is based on exhaustive studies on 
recommended practices for the welding of steel castings carried 
out as part of the continuing research and development program 
of Steel Founders’ Society of America 

The result of this specific research project is a handy and 
valuable reference manual constituting a reliable basis for quality 
welding of steel castings and a completely dependable guide for 
steel foundrymen and all industry to use in establishing accept- 
able welding procedures. 

While welding on occasion assumes importance comparable to 
molding, coring, melting and pouring or other operations inciden- 
tal to steel casting manufacture, the manual likewise recognizes 
realistically that industry also is engaged in welding steel castings 
together (“Cast-Weld Construction,” THe JourNat, 
30 (5) 415 to 423 (1951)) and in fabricating structures through 
the welding of steel castings to wrought steel products (compos 
ite fabrication 

The experience-proved procedures outlined here, and concerned 
primarily with welding methods, thus are equally adaptable to 
the needs and problems of the fabricator as well as the foundry 
In short, all steel is weldable whether wrought or Cast but 
some steels are not as readily weldable as others, unless certain 
precautions requiring special operational techniques are em- 
ployed. While these techniques were generally known and used 
by the steel casting industry, there previously has been no single 
source reference to which an operating man could turn for a re- 
statement or summary of the details of these established tech- 
niques. The Steel Founders’ Society manual fulfills that need with 
thoroughness and great prac tical utility, and this ex erpt report 
covers the highlights of such recommended practices incorporated 
in detail in the 40-page manual 


INTRODUCTION 


JELDING is an important part of the manufac- 
turing of steel castings. It is used in two ways 
for the repair of defects incident to the manufac- 
ture of castings, and in the fabrication of com- 

posite structures. This report deals only with the 
welding of steel castings by the metal-are method. 
Are-welding procedures in the foundry are a result 
of many years of experience, and are in line with ac- 
cepted welding practice. However, the increase in 
variety of castings manufactured, and of electrodes 
available, has made it necessary to revise some of the 
procedures. To do this, experience with wrought 
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Recommended Practice for the Welding of 


® Excerpt-Report of an exhaustive study of weld- 
ing practices for the welding of steel castings 


steels (where welding has been used far more exten- 
sively) has been drawn upon. Steel castings can be 
welded as readily as wrought steels, so that the extensive 
information gathered on wrought steels can be applied 
to the welding of steel castings 

In some ways, welding of castings is simpler than 
welding wrought steels, because, with relatively few ex- 
ceptions, all castings welded are subsequently stress re- 
lieved, or given a full heat treatment (e.g., normalized, 
or quenched and tempered). This eliminates two of 
the principal drawbacks found in some welded wrought 
steels—excessive hardness next to the weld, and severe 
weld stresses. 

The primary objective of this report is to recom- 
mend procedures which will lead to sound, crack- 
free welds. With the many possible combinations 
of castings and electrodes, it is recognized that there 
may be other welding procedures equally as satisfactory 
as those recommended. Also, there are times when it is 
neither necessary nor economical to make welds of the 
highest quality. Such exceptions will not be considered 
in this report. They have to be made on the spot, fora 
particular job. 


Specifications for Welding Castings 


It is not an objective of this report to discuss in 
any detail the various specifications for the welding 
of steel castings. There are four general types of 
such specifications: issued by government agencies, 
such as the Navy, Army and Air Force; by technical 
societies, such as the AMERICAN WELDING Sociery, 
American Society for Testing Materials and the As- 
sociation of American Railroads; by various foundries, 
for governing welding procedures in their own plants; 
and by industrial customers of the foundries. In 
many cases, particularly in government specifications, 
the welding procedures are merely a part of a broader 
specification for some one type of casting. This is also 
true of some of the fechnical society specifications 

\ number of the government and technical society 
specifications have been reviewed for the purpose of 
checking the procedures recommended in this report 


We Iding Steel ¢ ‘astings 315 


3 
ia : 
4 

: 
2 


against the procedures required by the various specifi- 
cations, Generally, the specified procedures are less 
concise than the present recommended procedures, so 
that good comparisons were not possible. The speci- 
fications which have been reviewed are listed in Table 1. 


Table 1—List of Applicable Specifications Reviewed for 
This Report 


S. Var 

General specifications for inspection of material: 
Appendix II Metals, Part F-—Radiography, Section F-1— 

Definitions and Radiographie Requirements. 
Appendix VIL Welding, Part C, Section C-3--The Welding of 
Cast Steels, 

4662 —Electrodes, Welding (Covered), Molybdenum Alloy Steel. 

4685—Steel, Alloy (Special), Castings (Aireraft Use) 

17E3—FElectrodes, Welding (Covered or Bare), Iron and Steel, 

U.S. Army 

AX-1166-—Steel Castings, Special. 

Federal 

QQS-681b— Federal Specification for Steel: Castings. 

Military 

MIL-E-086 (Ships) Electrodes (Mineral Covered, Low Hydro- 
gen), Welding, Medium and Alloy Steels. 

MIL-S-870 (Ships)—Steel, Molybdenum Alloy, Castings. 

MIL-S-15083 (Ships)—Steel, Castings. 

{merican Society for Testing Materials 

\27-46T Mild to Medium Strength Carbon-Steel Castings for 
General Application, 

A95 44 Carbon-Steel Castings for Valves, Flanges and Fittings 
for High-Temperature Service. 

Al48-46T High-Strength Steel Castings for Structural Pur- 
poses, 

Al57-44 Alloy-Steel Castings for Valves, Flanges and Fittings 
for High-Temperature Service. 

A216-47T Carbon-Steel Castings Suitable for Fusion Welding 
for High-Temperature Service. 

A217-47T = Alloy-Steel Castings Suitable for Fusion Welding for 
High-Temperature Service. 

A217 49T (New Specification Superseding A157 and A217 
Being Approved). 

Association of American Railroads 

M-201-47 Steel Castings. 

M-203-48 Truck Side Frames, Cast Steel. 

M-204-47 For Purchase and Acceptance of AAR Standard 
“BE” Couplers, Knuckles, Locks and Other Parts. 

M-206-47 Purchase and Acceptance of AAR Standard “H” 
Tight Lock Couplers and Coupler Parts, Radial Connections, 
Yokes and Attachment Parts. 


Society of Automotive Engineers 
SAE Automotive Steel Castings, Recommended Practice. 


Casting Defects That Can Be Repaired by Welding 


The casting defects that can be repaired by welding 
are well known to the foundries and have been described 
in the foundry literature. It is outside the scope of 
this report to describe these defects, or to distinguish 
between those which should be repaired by welding 
and those which should not, because of their size or loca- 
tion 

Some casting specifications arbitrarily classify de- 
fects into major and minor ones, according to the rela- 
tive dimensions of the defects and the castings, or ac- 
cording to the reason for making the weld. Such clas- 
sifications have not been considered in this report. 
Actually, welding small defects frequently requires 
greater care than welding large ones. This will be ex- 
plained later. 
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PREPARATION FOR WELDING 


The methods for removing defects in castings are 
well known to the foundry industry and need not be 
described in detail here. They include pressure 
blasting, chipping (with a pneumatic or hand chisel), 
grinding and flame gouging. Within reasonable limits, 
the first three may be done regardless of the tempera- 
ture of the casting. Flame gouging, at least for the 
higher composition castings, must be done only when 
the casting is preheated. Otherwise, checks or cracks 
may be produced at the surface. 

To properly prepare a casting for repair welding, 
all traces of the defect must be removed. For deep 
cracks this is sometimes difficult, because the method 
used for removing the defect may cause the metal 
to flow over the cracks. In such cases, careful inspec- 
tion such as magnetic particle testing, deep acid etch- 
ing, ete., is needed to determine whether the defect is 
entirely removed. 

The shape of the groove made in removing a defect or 
preparing two castings for fabrication is also important. 
The dimensions of the groove are largely controlled by 
the size of the defect or the casting section to be welded. 
All changes in contour should be fairly gradual, and all 
sides should slope toward the bottom of the groove. 
Sharp inside corners serve as points of stress concen- 
tration, which might start cracks during welding. 
Deep, narrow grooves make it very difficult to get 
complete weld penetration. They promote undercut- 
ting. Incomplete penetration and undercutting may 
lead to slag inclusions or cavities at the roots and side- 
walls of the welds. In some cases, such weld defects 
would require removal of the weld, recleaning of the 
groove surfaces and rewelding. 

Sometimes, two defects may be so close to each other 
that one of them may not be discovered during inspec- 
tion. The one that is found may be completely re- 
moved, and a clean repair groove made. Then, the 
repair weld may penetrate through the sound metal 
between the two defects, and expose the second one. 
When this happens, welding should be stopped and the 
second defect completely removed. 

When defects extend entirely through a casting, it is 
best to turn it over and lay one or more sealing passes 
from the root side of the repair weld. If this cannot be 
done, a backing should be used wherever possible. 
Backings can be made from refractory materials avail- 
able in the foundry, such as firebrick, silica brick, mul- 
lite brick, magnesite or carbon plates. These should be 
thoroughly dried, because if water vapor is produced 
during welding, it may cause cold cracking at the joint, 
as explained later. Metals, such as copper, plain-car- 
bon steel or stainless steel, may also be used as backing 
material. Ordinarily, the back-up material merely acts 
as a dam and is not bonded to the weld metal. Such 
is the case with refractories and copper. Backings 
forming integral parts of the castings should generally 
have the same composition. Where pickup of backing 
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metal is not wanted, it is possible to cover the backings 
with washes of refractory materials. 


EFFECTS OF WELDING 

The peak temperature in metal-are welding is 
highly localized, so that there is a sharp temperature 
gradient between the molten weld metal and the base 
metal only a fraction of an inch away. The rapid 
cooling of this weld zone by the adjacent unaffected 
base metal causes a wide variety of structures within 
this narrow zone. The structural changes involved 
have been described many times in the welding litera- 
ture. Good descriptions are given in the Welding 
Handbook (A.W.S.),) and in) Welding Metallurgy 
(A.W.S.).2. The principal effects of welding cast- 
ings and the subsequent rapid cooling are quench hard- 
ness, thermal stresses, hot cracks and cold cracks—i.e. 
cracks formed well below the critical temperature 


Quench Hardness 


The rapid cooling of the high-temperature zone of the 
base metal next to the weld quench-hardens that zone. 
Just as in ordinary heat treating, the maximum hard- 
ness in the weld heat-affected zone depends primarily on 
the carbon content of the casting. The maximum hard- 
ness may be increased somewhat by other elements, but 
their primary effect is to promote the retention of aus- 
tenite by making its transformation more sluggish 

In the past, it was thought that hardness was directly 
related to underbead cracking, because underbead 
eracking was always found in zones of high hardness 
It has recently been shown that this is not the whole 
story, and that factors other than hardness are neces 
sary to produce underbead cracking. When free from 
cracks, the principal drawback of a hardened heat-af- 
fected zone is that it makes machining difficult 

Weld metal, too, particularly the earlier passes in 
multipass welds, is rapidly cooled by the quenching ac- 
tion of the unaffected base metal. It also is quench- 
hardened to a certain degree. However, its carbon 
content is generally quite low, and the amount of 
hardening is also low. 

Fortunately, most castings with either repair or con- 
struction welds are at least stress relieved after welding 
This eliminates detrimental hardness in the heat-af- 
fected zone. 


Thermal Stresses 


The rapid heating and cooling of the weld produce 
thermal stresses which may be quite large. During 
heating, there is a rapid expansion of the base metal 
around the weld. If the unaffected metal surrounding 
the weld zone is strong enough, or if the casting is rigidly 
clamped, the expanding metal in the weld zone will be 
upset. Upon cooling, the upset section will not return 
to its original dimensions, and internal stresses will be 
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set up. Shrinkage of the solidified weld metal will also 
cause internal stresses. 

If internal stresses in welded castings are high enough, 
they may cause hot cracks, or permanent distortion, 
and may propagate cold cracks. Unless they do pro- 
duce one or more of these defects, internal weld stresses 
are not serious. They are essentially eliminated by 
any of the heat treatments ordinarily given castings 
after welding. 


Hot Cracking 


Hot cracking occurs while the heat-affected base 
metal or the solidified weld metal is still at such high 
temperature that it is unable to withstand even rela- 
tively low internal stresses. If stress is developed 
while the metal is in this weak condition, it tears in- 
stead of deforming, as it would at a slightly lower tem- 
perature 

In the casting being considered, hot cracks are more 
apt to oecur in the weld metal than in the base metal. 
One reason for this is that the weld metal is hotter than 
the base metal and cools last. Also, because of diree- 
tional freezing, weld metal has columnar grains. This 
structure is generally weaker than the equiaxed grains 


of castings 


Cold Cracking 


The term cold cracking, i.e., cracking occurring at 
temperatures well below the critical temperature, 
has until very recently been applied exclusively to 
underbead cracking of the base metal in the heat- 
affected zone. Underbead cracking is caused by a 
combination of the structure formed by the high 
cooling rate in the high-temperature portion of the 
heat-affected zone, hydrogen from the are atmos- 
phere, and internal stresses. 

Hydrogen is present in most are atmospheres, 
though the amount varies greatly with different 
electrode coatings. During welding, hydrogen is 
dissolved by the austenite in the hot base metal adja- 
cent to the weld. If the base metal cools rapidly 
enough to retain some austenite, there will be dissolved 
hydrogen concentrated in the austenite. When the 
austenite, which is unstable at ordinary temperatures, 
finally transforms, it releases the hydrogen. This 
forms in microscopic or submicroscopie voids in the 
base metal under very high aerostatic pressures. These 
pressures frequently start cracks, which are then pro- 
pagated by the thermal stresses in the weld zone. 

At least one investigation’? has shown that steel cast- 
ings are less prone to underbead cracking than wrought 
steels of similar composition. This investigation was 
limited to carbon-manganese steels, so it is not known 
whether this is a characteristic of other types of cast 
and wrought steels. 

Recent work by Flanigan‘ and Bland® indicates that 
weld metal also may be prone to cold cracking. They 
have shown that even the ductilities of low-carbon weld 
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metals may be lowered by quenching. Microfissures 
have been found in weld metals so treated. Ductilities 
are not affected when preheats over about 300° F. are 
used. Low ductilities may be improved by postheating 
to temperatures around 600° F. It is thought that hy- 
drogen may be the cause of the lowering of ductility in 
these weld metals, but this has not definitely been es- 
tablished. 

When preheated or postheated, it is unlikely that the 
ductilities of welds in steel castings would be seriously 
affected by the cooling rates. 


Porosity 


Another serious defect sometimes encountered in 
welding is weld-metal porosity. This is caused by en- 
trapped gases. Gases may come from the are atmos- 
phere, either by the breakdown of gas-forming com- 
ponents, particularly carbohydrates, or by decomposi- 
tion of moisture picked up by the electrodes during 
storage. Gases may also be formed by reaction of 
elements in the base metal at welding temperatures. 
Sulphur is one of the leading porosity-forming elements. 
Weld-metal porosity may also be caused by welding over 
porous base metal, or by welding through sand pockets 
in the base metal. 

Porosity can be minimized by slowing down the 
freezing of the molten weld metal. This allows the 
gases coming out of solution to escape to the sur- 
face of the weld metal. Where severe porosity is 
found, the weld should be chipped out, and the groove 
rewelded. 


COMBATTING THE EFFECTS OF WELDING 


The preceding sections have shown that, while 
there are a number of undesirable effects of weld- 
ing, only four are found in repair welds of castings. 
These are, in the order of probable importance, cold 
cracking, hot cracking, permanent deformation and 
weld-metal porosity. Undereut and notches caused 
by improper fusion may also be found. They are the 
result of poor workmanship, not effects of welding per 
se so are not included in the preceding list. For the 
castings considered in this report it should be possible 
to minimize all four of these effects. The most ef- 
fective step in the procedure for doing this is to slow 
down the heating and cooling rates of the weld metal 
and weld heat-affected zone. This is done by selection 
of suitable preheating and interpass temperatures, 
and postwelding heat treatments. 


Preheat 


Preheat reduces the temperature differential be- 
tween the weld and the unaffected base metal. Chances 
of upsetting the heat-affected base metal by thermal 
expansion are thus decreased, but the principal benefits 
of preheating are those resulting from slower cooling of 
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the weld zone, particularly 4! low temperatures in the 
range of martensite formation. Slow cooling promotes 
completion of austenitic transformation at higher 
temperatures in this range. This in turn eliminates the 
principal cause of underbead cracking. Slow cooling 
rates also lessen the chances of hot cracking, and lower 
the internal stresses set up during cooling. 

Two types of preheat are used—general, in which the 
entire casting is heated, usually in a furnace; and local, 
where only a section around the weld is heated, usually 
by a gas torch or electric-resistance heaters. The 
former is always preferable, as it minimizes localized 
stresses. In foundries, furnaces for general preheating 
are at hand. 

The preheat temperature depends on the properties ot 
the casting and weld metal, and on the size and shape 
of the casting. There are certain general rules to fol- 
low in selecting the correct preheat temperature. 
In the first place, it should be as low as practically pos- 
sible. This is because, with increasing temperature, it 
is more difficult to lay a weld bead without undercut, 
and protection for the welding operator becomes a 
problem. While the use of the minimum preheating 
temperature is desirable for the above reasons, a tem- 
perature of 50 to 100° F. above the minimum will sel- 
dom do any harm and, therefore, close calculation of 
the preheat temperature does not seem necessary. 
However, a good rule to apply when in doubt as to 
preheating would be always to preheat, or preheat at a 
little higher temperature. 

The chemical composition of the casting is one major 
factor in selecting preheat. Steels low in carbon and 
alloy contents do not tend to quench harden excessively 
nor to form cold cracks. They require either no pre- 
heat, or much less preheat than needed for a high-car- 
bon, high-alloy casting. This reasoning also applies to 
the deposited weld metal, particularly in multipass 
welds. In general, plain-carbon and low-alloy castings 
with carbon contents below 0.30°7; would not require 
preheat. For castings with carbon contents between 
0.30 and 0.50%, preheats of 200 to 400° F. should be 
used. The higher side of this range would be used 
with the higher carbon and alloy contents, and increas- 
ing thickness and complexity of the casting. In some 
cases, where both the carbon and alloy contents are 
high, preheats over 400° F. may be necessary. 

Thickness and shape of the casting also must be con- 
sidered. Thicker castings have greater heat-absorbing 
capacities, and, therefore, in effect, greater quenching 
powers. As a rule, the thicker the casting (provided it 
needs preheat at all), the higher the preheat should be. 
Simple shapes with fairly uniform cross sections will 
cool uniformly, and require a minimum of preheat. 
Complex castings consisting of alternating thin and 
thick sections will cool more rapidly in the thin sections, 
which may lead to severe internal stresses. In such a 
case, a higher preheat should be used than for a more 
uniform shape. Also, they should be protected from 
drafts during welding, and should be cooled more slowly 
than less complex castings of the same composition. 
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Another factor influencing the selection of a pre- 
heating temperature is the size of the defect in relation 
to the thickness of the casting. A small weld cools 
more rapidly than a large one 

Thus, tack welding on a sensitive steel can be a 
dangerous procedure and casting failure has resulted 
from cracks started from a tack weld made without 
preheat. 

In order to obtain the correct preheating tempera- 
ture, furnaces with accurate controls can be used 
When these are not available, Tempilstiks, which 
leave a mark that melts when the part reaches the 
required temperature, can be obtained for a wide 
range of temperatures within the normal preheating 
temperature range. Surface pyrometers are also 
available and very useful. 


Int erpass Temperature 


The interpass temperature, i.e., the temperature 
between passes in multipass welds, should be considered 
along with preheat. In order to maintain the desir- 
able conditions developed by preheat, the interpass 
temperature should never be below the preheat tem- 
perature. The interpass temperature can safely exceed 
the preheat temperature by 100 to 200° F., depending 
on the particular casting, and frequently does. The in- 
terpass temperature should not be allowed to go so high 
that the side walls of the weld groove will be severely 
undercut 

For rangy castings, the welding heat may not be 
enough to maintain the preheat temperature. In this 
case, additional heat is supplied by reheating the 
entire casting or locally heating the weld area 


THE WELDING OPERATIONS 


After the preheating and interpass heating stages, 
the next stage in the welding procedure, where some 
correction of the effects of welding heat may be done, is 
the welding operation itself. 


Choice of Electrode 


Choice of electrode is one of the important steps in 
the procedure for welding a Casting or several castings 
together. The are atmospheres produced by different 
types and sizes of electrodes can affect the quality of a 
weld and the ease of welding 

Are Atmosphere. It has already been mentioned 
that different are atmospheres contain varying amounts 
of hydrogen, and that the amount of hydrogen depends 
on the composition of the coating. This varies for the 
different types of electrodes [which are discussed in 
detail in the complete S.F.S.A. manual from which this 
material is excerpted]. It is sufficient here to say that, 
by selecting types which will have are atmospheres 
low in hydrogen, the chances for underbead cracking in 
the weld heat-affected zone will be minimized. 
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Heat Input. Some classes of electrodes require 
higher welding currents for a given diameter than 
others, and, consequently, have higher burn-off rates, 
i.e., deposit more metal in a given time. Also, larger 
diameter electrodes of a given class require more cur- 
rent than smaller ones. Increasing the current in- 
creases the welding heat input. This acts, to a lesser 
degree, like preheating, flattening out the temperature 
differential in the weld area, and lowering the cooling 
rate. Therefore, other things being equal (which they 
frequently are not), the “hotter,” larger diameter elec- 
trodes should be selected for repair welding 


Welding Current 


The welding current used with a certain size of elec- 
trode may also be varied somewhat, when welding in a 
given position, e.g., downhand. It usually has to be 
varied for welding in other positions, e.g., vertical. 

Manufacturers usually print the recommended cur- 
rent ranges for their electrodes on the containers 
These ranges will vary somewhat even for electrodes of 
the same class. Usually the ranges are rather wide. 
The higher currents are for downhand welding under 
favorable conditions. Those on the lower side are for 
situations where careful control of the weld metal is 
needed, such as in vertical or overhead welding, or 
where the preheat is high 

Experienced welders can select the proper current. 
Some will tend, however, to use higher currents than 
they should in order to get out more work. Poor 
welds may result, if this is allowed 

In Table 2, typical current ranges are given for three 
commonly used sizes of electrodes for plain-carbon and 
low-alloy steel castings 

As already mentioned, higher welding currents will 
give higher welding heat inputs, which are frequently 
advantageous. However, for making a good weld with 
a given size and type of electrode, in a given position, 
the variation in welding current cannot be too great 


Deposition Technique 


There are many ways of depositing a weld bead in a 
groove. Usually, there are one or two ways that are 
best for certain welding jobs. Their selection depends 
on the size of the groove, the thickness of the casting 
section and the properties of the casting and weld 
metal. The position that the weld is to be made in 
must also be considered, as the deposition technique 
for position welding is different than that for down- 
hand welding However, position welding for castings 
repair is so rare that it can be neglected in this discus- 
sion 

There are two basic factors that have to be considered 
in selecting the proper deposition technique. These 
are the speed of welding and the volume of the weld 
These two factors may be varied to help control welding 
heat effects. For a given size of weld bead, the higher 
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Table 2—Typical Current and Arc-Voltage Ranges for Mild and Low-Alloy Steel Electrodes* 


A.W.S.-A.S.T.M 
electrode class Amp. Are volts 
EXX10 and 80. 120 24 26 
80-130 18-22 
EXX13 70-120 18-22 
EXX15 and EXNI6 100-150 20-22 
EXX20 and 100-140 24-28 


Electrode diameter, 


Amp. Are volts Amp. Are volts 
140-220 26.30 200-300 28-32 
140-250 20-24 200-400 20-24 
140-240 20 24 200-350 22-26 
160-240 22-24 300-375 24-27 
175-250 30-36 250-400 30-36 


* From the Welding Handbook, AWS, Table 1, p. 846. 


+ The symbols “X” are used to represent a group of related electrode classes. For example, EXX10 represents Classes E6010, E7010, 
E8010, ete., while K6OXNX would represent Classes £6010, £6011, £6012, ete. 


the welding speed, the more rapid the cooling rate. 
This increases the underbead hardness and tendency to 
underbead cracking. On the other hand, it reduces the 
tendency to distortion by minimizing the volume of 
heat-affected base metal. The effects of slower speeds 
are the converse. When preheat is used, welding 
speed—provided a sound, well-contoured bead is laid 

is not important. 

The effects of volume of the weld are quite similar to 
those of speed, a small weld producing effects quite 
similar to those with high speed, because, again, the 
cooling rate of the weld zone is relatively fast. Con- 
versely, a large volume of weld metal deposited in a 
single pass results in considerably more heat in the 
weld zone. This gives a slower rate of cooling in the 
weld zone, but higher shrinkage stresses. Of course, 
unless the shrinkage stresses are sufficiently high to 
cause cracking in the weld metal or base metal, they are 
of no particular importance in repair welds, where the 
castings will usually be at least stress relieved after 
welding. 

There are two main types of weld beads, the string 
bead and the weave bead. The string bead is laid in a 
continuous pass in one direction. This is shown in Fig. 
1. The weave bead also progresses in one direction, 
but also has a side-to-side motion. There are many 
patterns of weave bead, including simple ones such as 
illustrated in Fig. 2—figure eights, ellipses, ete. A 
modification of the weaving technique which can be 
used with many of the weave patterns is whipping. 


Path of Electrode 


Fig. 1 String bead 


~Path of Electrode 


Fig. 2 Weave bead 
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This is used to control the molten weld pool by removing 
the are heat, while still maintaining the are. A sche- 
matic whipping pattern is shown in Fig. 3. 

String and weave beads are used in single layers, 
when the groove can be filled in a single pass. Where 
the groove is too deep or too wide for it to be filled in 
one pass, multiple layers are used. These may be laid 
with either string or weave beads, or a combination of 
the two. 

Still another way of controlling the welding heat ef- 
fects by deposition technique is the welding sequence 
This can be varied even in single-layer welds. The 
most common sequence for single-layer welds is simple 
string or weave beads laid in one direction. These are 
started at one end of the weld and continued to the 
other. Where the weld is long, several electrodes may 
be used. In this case, the beads are laid one after the 
other in the same direction. In long welds where it 
may be desirable to minimize longitudinal and trans- 
verse weld shrinkage effects, the back-step method can 
be used. In this procedure, short lengths, say 2 to 4 
in., are deposited in the sequence shown in Fig. 4. 

In multiple-layer welding, there is still a greater 
variety of sequences that may be used. 
string or weave beads laid in one direction are most 
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commonly used. The step-back sequence can also be 
used, either as string beads or weave beads. ‘Two othe! 
sequences designed primarily to minimize shrinkage in 
fairly large groove welds are the block sequence and the 
cascade sequence. In the block sequence, the weld is 


Path of Electrode 


Slow Fast 


Fig. 3) Weave bead with whipping 


Fig. 4 Backstep sequence 
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{Deposition of intermittent Blocks 


built up by intermittent blocks which are subsequently 
joined by other blocks after the first group is com- 
The chief 
benefit of the block sequence is to minimize longitudinal 


pleted. This procedure is shown in Fig. 5 
weld stresses. It does not have much effect on trans- 
verse shrinkage, except as the stresses in the lowe 
passes are relieved by the welding heat. from succeeding 
passes. The cascade sequence reduces both transverse 
and longitudinal shrinkage stresses as the weld pro- 
gresses, particularly when used with a weaving bead 
The sequence is shown in Fig. 6. By using it, 
the heat from the first half of any bead will tend to 
temper or stress relieve the last half of the bead im- 
mediately before it. The net result is that all segments 
of the first-pass bead are stress relieved by the next sue- 
ceeding increment so that no major locked-up stresses 
Both of these methods require more weld- 
They should 


not be used, except where the greater reduction of stress 


can remain. 
ing time than ordinary multilayer welds 
warrants it. Preheating would largely eliminate need 
for such special techniques. 

For the multilayer welding of large grooves, any one 
of the deposition techniques discussed can be used. 
Sometimes, as a matter of convenience, it is simplest to 
run one bead in one direction and the next bead in the 
opposite direction. In general, the simplest procedure 
is to build up the weld in horizontal layers, such as il- 
lustrated in Fig. 7. It has been claimed® that the least 
stress is produced when the weld can be built up in 
spiral layers around the side, as shown in Fig. 8. 

Nearly all repair welds in castings can be made with 
string or weave beads laid from start to finish in single 
or multiple layers. 

In the section on preparation for welding, the 
use of backings was discussed. In general, the pres- 
ence of a backing does not markedly change the re- 
However, particular 
Where a 


backing is to become a part of the assembly, it is very 


quired deposition technique. 
care must be taken in laying the reot passes 


important to see that full penetration into the backing is 


Fig.6 Cascade sequence 
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Section A-A 


Fig. 7 Horizontal-layer deposition 


Where a temporary backing, either ceramic 


obtained. 


or ceramic-washed metal, is used, particular care should 
be taken to insure good fusion between the root pass 
and the side walls of the groove. If this is not done 
and there is lack of fusion between the root pass and 
the side walls, the unfused sections will act as stress 
raisers. Stress raisers naturally increase the possibility 
of cracking. 

Another step in deposition technique which can be 
extremely important is are length. Ordinarily, a 
good welder automatically holds a proper, or “‘normal’’ 
are length. For the low-hydrogen type electrodes 
AWS-ASTM EXX15 and EXX16—the 


are required for depositing high-quality weld metal is 


Classes 


shorter than for other classes of electrodes. This is an 
important difference which may be overlooked even by 
good welders, whose experience has been with the other 
Classes of electrodes They should be frequently re- 
minded of this difference, until they have become 
thoroughly familiar with the low-hydrogen electrodes 

Good deposition technique, though important, is 
generally not too difficult to choose. Competent 
operators may not all use the same technique—in fact, 
they almost certainly will not—but with relatively little 
guidance, they will choose one that will do the job satis- 


factorily 


Peening 


Distortion is sometimes minimized by peening the 
weld. Heavy peening after each pass will reduce 
distortion by “spreading out’’ the weld metal, thus 
counterbalancing its natural shrinkage. For cast- 
ings thick enough to resist distortion, deep peening 
gives a mechanical stress relief. Peening must be 
carefully controlled, because overpeening causes weld- 


metal cracking, and is, therefore, worse than none. 


Section 
Fig. 8 Spiral-layer deposition 
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The permissible amount of peening is somewhat de- 
pendent on the mass of the casting, heavier peening 
forces being required for heavier castings. 

For castings which are to be at least stress relieved 


after welding, peening would generally not be used. 
Where severe distortion during welding might occur, 
for example, in filling a relatively large groove in a thin 
rangy casting, peening may be helpful in minimizing 
distortion 


Postwelding Heat Treatment 


rhe great majority of castings can be cooled to room 
temperature in still air after welding, but those of higher 
composition, which are more sensitive to cracking, 
should have retarded cooling from the welding tempera- 
ture. This is primarily to give greater insurance 
against cold cracking. Such retarded cooling may be 
accomplished by heating with a flame or burying the 
casting in some insulating material. However, inas- 
much as crack-sensitive steels require preheating as 
well, one of the best practices is to put the castings back 
in the preheating furnace as soon as welded. 

All welded castings except some of the low-carbon un- 
alloyed steels should be given a postwelding heat treat- 


ment. The minimum treatment should be a stress re- 
lief, which consists of heating to 1100 to 1250° F. 
Such a treatment will remove practically all residual 
stresses and prevent any subsequent cold cracking, but 
most important, it will reduce the hardness of the 
heat-affeeted zone to the point where machining or 
chipping will present no problem. 


Many castings will be given their regular final 
heat treatment, such as normalizing or quenching and 
tempering. Either of these treatments will eliminate 
the heat-affected zone and, of course, make the stress- 
relieving treatment unnecessary. Though normalizing 
or quenching and tempering generally improves the base 
metal, they may reduce the weld metal properties, un- 
less suitable electrodes are chosen. 


(Editor's Note: As indicated, the above comprises merely an 
excerpt from the 40-page Steel Founders’ Society manual —being 
concerned primarily with welding methods. Other sections of the 
comprehensive manual are devoted to detailed textual considera- 
tion and tabular classification of electrodes and trade names and 
manufacturers for all classes of electrodes; special sections on 
compositions and recommended procedures for carbon steel and 
low-alloy steel castings, bibliography, ete. 

(Copies of the complete, bound manual, Recommended Practice 


for the Welding of Steel Castings, may be obtained by writing to 


F. Kermit Donaldson, Executive Vice-President, Steel Founders’ 
Society of America, 920 Midland Bldg., Cleveland 15, Ohio. The 
price, fixed at cost, is 35 cents per copy. ) 
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Resistance Variations During Spot Welding 


Discussion by H. Udin 


Mr. Roberts is to be congratulated for an excellent 
piece of work. Two of his conclusions are of funda- 
mental importance. First, that the weld nugget, like 
the welding arc, is nearly a constant-voltage load. 
Second, that weld power over the greatest part of the 
welding cycle is independent of electrode force. The 
most difficult job the welding engineer has is to separate 


Harry Udin, Massachusetts Institute of Technology, Cambridge, Mass 
Paper by W. L. Roberts published in November 1951 issue Tue Wetpine 
pp. 1004-1019 


* In the light of Roberts’ findings on resistance variations with current 
one wonders how the industry has managed to stagger along for so many 
years with our old friend H PRK. 1 think the answer lies in the fact 
that while resistance i inversely proportional to current, heat loss bears 
some increasing relationship with time Thus two gross errors, the as- 
sumption that & is constant and the assumption that A is constant, tend 


to cancel 
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Spot Welding 


the effects of a great number of interdependent vari- 
ables. Pinpointing two of the more important vari- 
ables will ease this problem considerably. Incident- 
ally, while Roberts makes the first point for metals of 
high conductivity such as aluminum, a study of his 
Table 2 shows that it is not too bad a first approxima- 
tion for stainless steel, a metal at the other end of the 
conductivity seale. One must consider that the frac- 
tion of the veltage drop caused by the bulk resistance 
of the plate is largely wasted in so far as making the 
weld is concerned. Since this voltage must increase 
somewhat more than proportionally to the current, it 
is probable that even for stainless steel the “contact” 
voltage is nearly independent of current. 

A study of the work on cold resistance leads to some 
interesting results. According to constriction resist- 
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ance theory, the cold contact resistance per unit area 


across an electrode-to-work interface should be ap- 
proximately 
0.99 
R= (1)t 
tna 


where p is the bulk resistivity of the work, assumed 
much greater than that of the electrode. nis the num- 
ber of metallic bridges and a is the average mean radius 
of the bridges. As two surfaces are brought together 


they make physical contact at only a few scattered high 


spots. With increasing pressure these spots deform 
plastically and the true bearing area increases. From 
this the fractional bearing area is simply 

f=—+ A’ (2) 

} 


where P is the applied unit pressure and Y is the com- 
pressive yield strength of the softer member. PY 
represents plastically strained material in bearing con- 
tact, while A’ 
area. At low unit pressures A’ is about equal to PY, 


represents elastically strained contact 


but at high pressures it probably becomes negligibly 
Within the bearing area the oxide films rupture 
If a 
fixed fraction ¢ of the true bearing area is in metallic 


small. 
and a certain amount of metallic contact occurs 


contact, we can state that 


cP 
= = ran 
where f’ is the fractional area in metallic contact 
Substitution of Equation 3 into Equation 1 can be 
made on the basis of either of two simplifying assump- 
tions: 
(a) n remains constant with increasing pressure. 
(b) a remains constant with increasing pressure 


Assumption (a) leads to 


i 
R = 0.99 v +} ohm cm? (4) 
neP 
while (b) leads to 
0.9 
R = me ohm em? (5) 


I have replotted Roberts’ data for cold contact 
resistance of mild and stainless steels versus copper 
alloy and find, rather surprisingly considering the dras- 
tic assumptions, that between forces of 200 and 700 Ib., 


+ Holm, Ragnar, Electric Contacts, Gebers, Stockholm, p. 93 (1946 


Equation 4 is obeyed rather well. Nearly within ex 
perimental error most of the curves follow 


\/p 


From 700 |b 
to the maximum force used there is reasonably good 


K is of course different for each sample 


agreement with Equation 5 to the extent that the equa- 
tion 


l R = — 700) (Sa) 


holds. Here Gyo is the conductance at 700 lb. force. 
The agreement can be explained on the basis of the 
following sequence of events. At low pressures in- 
creasing force results in fragmentation of the oxide 
a complex manner, the oxide failure being 


By the time the pressure reaches 


layer in 
chiefly in bending. 
about 0.2 Y the oxide rafts are small enough that they 
can move as units to accommodate their orientation to 
the localized plastic flow. Then, as the pressure con- 
tinues to increase the fissures get larger, but no addi- 
At about 0.7-0.8 ¥ the surface 
the 


how 


tional fissuring occurs 
strain approaches uniform biaxial tension (as in 
The 


trapped by the nearly completely mated surfaces. 


cold-welding process ). rafts of oxide are 
Fissuring once again begins, with oxide failure occur- 


ring in tension. This stage results in an increase in 
the number of metallic bridges 

Experiments of Holm and others indicate that the 
number of spots in electrical contact at low and me- 
dium pressures is of the order of twenty-five per square 
centimeter. Substitution of this into Equation 4 leads 
to the rather interesting result that some 10-20° of the 
bearing area of stainless steel against electrode alloy is 
Note that this refers to the 
bearing area, not to the apparent contact area (identical 
steel 


in true metallic contact. 
to the electrode area). In the electrode, mild 
interface only 0.01-0.05% of the bearing area comes 
into electrical contact. This value for stainless seems 
rather high, and it is possible that with freshly cleaned 
electrodes much of the stainless-to-electrode bearing 
area conducts by tunnel effect. If so, the rectifier ac- 
tion of the semiconductive copper oxide film on the 
electrodes may explain the change of resistance with 
current reversal. 

Most of this analysis is admittedly highly speculative 
and oversimplified. However it is my belief that an 
analytical approach to resistance welding is possible 
and desirable. When this approach is finally made it 
will lean heavily on data such as those collected by 


Mr. Roberts. 
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Pipe Weld Normalizing 


and Stress Relieving 


» Application of 60-cycle induction heating for nor- 
malizing and stress relieving welded pipe joints 


by C. A, Anderson, D. H. Corey and 
H. J. Denman 


Abstract 


The heat treatment of pipe welds in power plant steam piping 
has long been done by 60-eycle induction heating. An article 
published several years ago in Tuk Wetoine JouRNAL* describes 
this method of heating and normalizing pipe welds at 1725° PF. 
ind the resultant metallurgical effects. This present article 
deals with an improvement in the application of the 60-cycle in- 
duction heating method: the metallurgical effects should not be 
changed by the electrical circuit changes described in this article 
Design computations and some of the lessons learned in the 
field are also included, 


HE method of heat treating pipe by 60-cycle in- 
duction heating described by Corey and Rohrig* 
utilized '/»-in. copper tubing for the inductor coil. 
This tubing was covered with asbestos sleeving as 
turn-to-turn insulation, Several layers of asbestos 
paper were wrapped around the weld zone forming a 
to ' layer of simultaneous thermal insulation 
and electrical insulation between the pipe and the in- 
duetor coil. Several lengths of ':-in. copper tubing 
were connected together with couplings until the 
desired number of turns was obtained. This inductor 
coil then formed an electrical path and a cooling water 
path consisting of all turns in series. The inductor coil 
was fed from a transformer having numerous secondary 
taps from IS to 192 v. and having a primary suitable 
for operation at 230 or 460 v. The coarse adjustment 
for temperature control of the weld zone was obtained 
by switching secondary taps, and the final temperature 
adjustment was obtained by on-off switching of power. 
The objections to the inductor coil in its old form 
were as follows: (a) The uninsulated couplings occa- 
sionally dug into adjacent turns and caused turn-to-turn 
short cireuits. (b) The stiff tubing and the bulky 
couplings made it difficult to produce a neat symmet- 
If this lack of symmetry resulted 
from bunching of the coil turns on one side of the pipe 
and spreading of them on the other, unequal tempera- 


rical inductor coil. 


C. A. Anderson is connected with the Research Dept. of the Detroit Edison 
Co; D. H. Corey and H, J. Denman are connected with the Construction 
Engineering Dept. of the Detroit Edison Co 
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*Corey, and Rohrig, I 
Molybdenum Steel Pipe by 60-Cycle Induction Heating 
24 (1), 1-6 (1945). 
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tures would develop on opposite sides of the weld zone. 
(c) A water leak at one of the pipe fittings was often 
troublesome to correct since it might be buried under 
another layer of turns. (d) The tubing was difficult 
to assemble on the pipe especially if work-hardened by 
previous handling. (¢) After the tubing had been used 
about four times it had to be annealed. This entailed 
removal and replacement of the asbestos sleeving and 
the coupling at one end because annealing was done at 
red heat. The objection to the use of the transformer, 
in addition to that of cost, bulk and weight, was that 
the power available for heating the weld zone was 
limited by the kva. capacity of the transformer. 

In the new method, power from a 230-v. a.-c. source 
is applied directly to the inductor coil on the pipe 
without the interposition of a transformer. The 
method hinges upon the use of a unit coil like that 
shown in Fig. 1. As many of these coils as necessary 
are assembled on the pipe over a layer of pipe covering 
They are connected in series electrically and centered 
over the pipe weld. For cooling, the water path is 
divided into whatever series-parallel combination may 
be required. This is shown later. The new inductor 
coils essentially eliminate the five objections listed for 
the old inductor coil, in addition to eliminating the need 
for a transformer when 230-y. service is available. For 
460-v. service twice as many turns are needed as for 
230v. The installation of so many turns may make the 
use of a transformer preferable when one is available. 

As previously mentioned, with the step-down trans- 
former, temperature control was obtained by tap changes 
on the transformer for coarse adjustment, and by on- 
off cycles of power for the final adjustment. Without 
the step-down transformer, coarse adjustment for tem- 
perature control is obtained by varying the number of 
unit coils used to form the inductor coil, and final ad- 
justment is obtained by on-off switching of power. 

The unit coils are made of 25-ft. lengths of rectan- 
gular copper tubing. The copper cross section of the 
coil shown in Fig. 1 is 0.37 by 0.21 in. by 50-mil wall. 
An even wider, more ribbon-like cross section might 
be more desirable. Our experience has shown that a 
narrower one is not desirable; it tencs to wind diago- 
nally. Cooling water terminals are formed by brazing 
a short piece of */3-in. round copper tubing to each end 
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Fig. 1 Aunit coil 


of the rectangular tubing. The electrical terminals are 
1/,-in. thick, l-in. wide copper lugs which are brazed on 
in a standardized location to minimize the chance of 
coils being connected in reverse. The coils are insu- 
lated with a heavy fiberglass sleeving (12-mil wall) 
impregnated with silicone varnish and baked at 500° F. 

This high temperature type of insulation was se- 
lected for two reasons. First, the insulation may be ex- 
posed to direct radiation from the 1725° F. pipe through 
an accidental opening in the pipe covering. Such ex- 
posure under the conditions normally existing in such 
weld-normalizing work does not injure this insulation 
Second, the insulation permits annealing of work-hard- 
ened coils without requiring replacement of insulation 
It is anticipated that the bending of the coils incidental 
to installation and removal may eventually work- 
harden the copper until the coils are too stiff for easy 
handling. The coils can then be annealed to a suit- 
able degree by holding them at 600° F.for8 hr. Anneal 


round 


ing to “dead soft’? as was done with the 
tubing is undesirable for the smaller rectangular tubing 
because it is then too easily kinked. If necessary, the 
annealing can be followed by another coat of silicone 
varnish. In 2 yr. of use there has been no evidence of 
serious work-hardening from normal handling. Rough 
handling has twisted the tubing so that annealing is 
useful for easing the task of straightening. 

Figure 2 illustrates the method of assembly of the 
coils on the pipe. <A length of high-temperature pipe 
covering is placed over the weld z me: The unit coils 
are “snaked” onto the pipe one at a time, then wound 
into neat coils over the pipe covering and tied with or- 
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Fig. 2 Unit coils being assembled on pipe 


dinary cotton string. Figure 2 shows a unit coil partly 
snaked on at a point where the pipe is bare. Another 
coil is hanging loosely over the high-temperature pipe 
covering, and three coils have been wound and tied. 
Figure 1 shows a jog in the center of the 25-ft. length 
of each coil. The coils are wound in position by starting 
at this jog and winding in both directions to form two 
opposing spirals. 

Figure 3 shows 10 unit coils assembled in place. Half 
of the required rubber hoses for the cooling water paths 
have been connected from the coils to the inlet and 
outlet manifolds. Short hoses are used to connect coils 
in series. The 10 coils are arranged for cooling in five 
parallel water paths, each path consisting of two coils 
in series. Electrically, all coils are connected in series. 


Asbestos rope is used as a spacer between coils and for 


Fig. 3 Ten unit coils with electrical connections com- 
pleted. Half of the cooling water hoses are in place, and 
nearly half of the asbestos rope used for anchoring and 

spacing the coils 
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Fig. 4 Detray Power Plant. 
mali 


1 welded joint being nor- 


securing the coils in place. The illustration shows 
about one-third of the asbestos rope in place. 

Figure 4 shows a weld being normalized in the Delray 
Power Plant of The Detroit Edison Co. The large 
rectangular clamping bracket was present in this in- 
stance during both the welding and normalizing opera- 
tions to maintain the “cold spring” in the pipe. The 
figure shows that 10 unit coils were used. An 18-in. 
length of pipe covering was used under the coils. 


COMPUTATION OF COLL AND KVA. 
REQUIREMENTS FOR A TYPICAL PIPE WELD 


Yo hold a portion of pipe at a given temperature the 
same amount of energy must be delivered into this 
portion of pipe as is being dissipated from it. So the 
first requirement is to determine the amount of this 
heat dissipation. The greatest single heat loss, heat 
dissipation from the outer surface of the pipe, can be 
reduced to a negligible amount by the use of pipe cov- 
ering. A 36-in. length of pipe covering centered over 
the weld zone will generally be ample. Since the in- 
ductor coils will be wound on top of the pipe covering, 
the pipe covering thickness should be a compromise 
between good inductor coil coupling efficiency and good 
thermal insulation. A thickness of '/, in. of good insul- 
ation would be ideal, but so thin a covering would be 
too flimsy. The available 1'/,-in. pipe covering is not 
too serious a departure from this optimum when used 
on 8-in. or larger pipe. 

Heat losses within the pipe usually cannot be re- 
duced. One of these is the heat loss by thermal con- 
duction in the wall of the pipe. It can be calculated 
readily if a temperature gradient is assumed. A 
greater loss at high temperatures, such as 1725° F., 
is the infrared radiation shining through the hollow in- 
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terior of the pipe. The calculation of this loss re- 
quires consideration of the restricted angle through 
which this radiation can take place. 

There is another form of heat dissipation that may 
be present and which must be stopped or reduced to 
negligible proportions. Leaky valves may permit 
some steam or water to move through the pipe from 
an operating portion of the piping system. This may 
be serious, for the steam may constitute a means of 
heat transfer by which the weld zone loses its heat to 
the connected piping system just as a steam boiler 
gives up its heat to the steam radiators of the heating 
system in a building. A small amount of steam leakage 
can usually be vented so that only a small increase in 
kw. input to the weld zone is required to offset the heat 
carried away by the steam. Usually convection losses 
carried by the air within the pipe can be ignored. 

The sum of the two main losses, thermal conduction 
through the metal of the pipe and radiation through the 
interior of the pipe, determines the power which must 
be delivered into the weld zone to hold it at the desired 
temperature. If this value of power input is doubled 
it will provide ample leeway for bringing the weld zone 
up to temperature in a reasonable length of time and 
will allow for the factors which individually were dis- 
missed as negligible. 

A 10-in. pipe would have a heat dissipation from a 
weld zone at 1725° F. of about 11 kw. if pipe covering 
is used and no serious convection losses are present 
inside the pipe. An input of 20 kw. to the weld zone 
while it is at 1725° F. would be desirable in this case. 

The current path in the pipe may be assumed to be as 
wide as the spread of the inductor coils. If the inductor 
coils were spread over a 12-in. length of pipe the current 
path in a 10-in. Schedule-100 pipe would have a resist- 
ance at 1725° F. of 172 microhm. (At 1725° F. mild 
steel has an electrical resistivity of approximately 120 
microbm-cm.) To produce 20 kw. in this resistance 
the voltage induced in the pipe must be 1.86 v. The 
volts-per-turn in the inductor coil will have to be 
greater than the voltage induced in the pipe by approxi- 
mately the ratio of their enclosed areas. This relation 
would be exact if the inductor coil were very long and 
the pipe wall very thin. In the present case it is still 
close enough for practical purposes. The mean diam- 
eter of the 10-in. pipe wall is 10 in. and that of the 
inductor coils assembled over L' »-in. pipe covering is 
14'.in. The ratio of their enclosed areas is 1 to 2.1 so 
the volts-per-turn in the inductor coil should be 3.9 v. 
to induce 1.86 v. in the pipe. For 230-v. operation the 
inductor coil should therefore consist of 59 turns. 

The current drawn by the inductor coil from the 
230-v. bus when the weld zone is at 1725° F. is largely 
determined by the inductance of the coil in free space. 
As computed by one of the simpler formulas this 59- 
turn coil has an inductance in air of one millihenry, and 
a 60-cycle reactance of 0.377 ohm. At 230 v. this coil 
in free space shouid draw 610 amp. Actually, mounted 
on the pipe, it will draw somewhat less because of the 
presence of magnetic material such as the portions of 
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the pipe beyond the ends of the coil where the pipe tem- 
pera‘ure is below 1400° F. 

In actual practice 10 of the unit coils shown in Fig. 
lare used. These result in about 64 turns for the 10-in. 
pipe. The computed inductance in air of this coil 
group is 1.16 millihenry and its 60-cycle reactance is 
0.44 ohm. 
minals is usually 220 v. or less and the maximum current 
is close to 450 amp. which means an impedance of 0.49 
ohm. When the desired temperature cannot be at- 


The actual supply voltage at the coil ter- 


tained with 10 unit coils the volts-per-turn are increased 
by using only nine unit coils, in which case the maxi- 
mum current is closer to 550 amp. This constitutes 
the coarse adjustment mentioned earlier. With ex- 
perience, it is rarely needed. 

The resistance of 10 unit coils of the size described 
earlier is 0.048 ohm. 
carry away the I?R copper losses in the inductor coils 


The cooling water serves only to 


The maximum current allowable in the inductor coils 
is dependent on the pressure and temperature of the 
cooling water. A current rating for these unit coils 
for a water pressure of 25 psig. and 50° F. temperature 
rise is 600 amp. if each water path consists of two unit 
coils in series, and 1000 amp. if each water path con- 
sists of one unit coil. 

Over-all thermal efficiency at 1725° F. is 50 to 70% 
Admittedly 60 cycles is too lowa frequency for maximum 
efficiency of energy transfer from inductor coil to pipe, 
but the convenience of making direct use of the avail- 
able 60-cycle supply, and the elimination of the initial 
cost and losses of a frequency converter, make the use 
of a higher frequency for pipes of 4 in. diameter or 
larger of doubtful value. If the low power factor of 
the load is undesirable it is cheaper to use enough ca- 
pacitors for power factor correction to unity than to buy 
the necessary high-frequency equipment. 

The temperature gradient which exists along the 
pipe on either side of the weld zone is shown in Fig. 5. 
Here are illustrated the effects of using two extremes: 
A, spread coils and a long length of pipe eovering as 
contrasted with B, bunched coils and a short length of 
pipe covering. Both of these cases represent butt 
joints in a straight section of pipe. 

When the weld is close to a flange, valve, tee or 
bracket, bunching of the coils may be unavoidable. 
Then heat dissipation along the pipe is greate: in one 
direction than in the other and it is necessary to counter 
this by shifting the coil an inch or two off center in the 
direction of the heavier metal. When the pipe is thus 
unsymmetrical any heavier metal inside the inductor 
coil heats more slowly below the Curie point and more 
rapidly above the Curie point than does the thinner 
metal. This produces a shift in hot spot location during 
the heat cycle 

Usually the pipe and adjacent flanges or valves have 
sufficient circumferential symmetry so that the heat 
pattern in the weld zone has circumferential uniformity. 
In this case, four thermocouples are used for temper- 
ature control and observation of heat pattern. One 
in the center of the weld zone, plus a spare, is used for 
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Figure 5 


the automatic temperature controller and recorder 


described later. The other two are located 1'/s in. 
each way from the weld zone center. They are con- 
nected to a manually operated potentiometer and serve 
to indicate whether or not the heat pattern is centered 
in the weld zone. 

If the weld zone or the adjacent piping for 18 in. 
either way lacks circumferential symmetry it would be 
well to place thermocouples in each quadrant of the 
weld zone. These thermocouples will indicate whether 
or not the resultant nonuniformity of temperature is 
sufficient to require correction. Correction may be 
First, the 
heat dissipation pattern may be altered by cutting away 
portions of pipe covering on the hot side and putting 
Second, the 


heat input pattern can be altered by bunching the in- 


obtained by one or both of two methods. 


additional pipe covering on the cool side. 


ductor coils on the cool side and spreading them on the 
hot side 

No serious lack of circumferential temperature uni- 
formity in the weld zone of a butt joint on the stem of a 
T has been observed. Such lack of temperature uni- 
formity might be expected if only one arm of a T were 
heated. A 50° F. 
served when only one arm of a Y connection was heated 


temperature differential was ob- 


to an average weld zone temperature of 1700° F 
An interesting feature is the effect of change in pipe 
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size on the number of inductor turns needed to provide 
the necessary kw. input for holding the weld zone at 
1725° F. It has been found that for the range in which 
these coils have been used, 8- to 14-in. pipe, it is neces- 
sary only to use a fixed number of unit coils for any 
pipe size of a given pipe schedule and the necessary 
change in number of coil turns takes care of itself. 
The larger pipe sizes operate at higher power factors so 
that while the kva. changes but little with pipe size the 
kw. input changes essentially as needed. 


STRESS RELIEVING AT 1200° F. 


Stress relieving at 1200° F. because of its lower tem- 


perature involves much lower heat losses from the weld 
zone than does a normalizing operation at 1725° F. 
Moreover, the fact that 1200° F. is well below the Curie 
point makes power input to the weld zone occur at a 
much higher power factor. In general, stress relieving 
could be done with a maximum kva. one-third as great 
as that required for normalizing. Maximum kva. in 
normalizing work occurs when the weld zone is at its 
maximum temperature of 1725° F. Maximum kva. 
for stress relieving at 1200° F. or lower occurs when the 
pipe is cold. To decrease the power input to the weld 
zone and correspondingly the kva. from the line, it is 
necessary to reduce the volts-per-turn at the inductor 
coil. This is accomplished by increasing the number of 
coil turns if the inductor coil is fed directly from a 
fixed voltage supply such as a 230-v. bus. 

Of course, any amount of power greater than a re- 
quired minimum may be fed to the weld zone. The 
temperature is then controlled by using a shorter ‘‘on”’ 
time for the higher power input. If it is necessary to 
keep kva. to a minimum the number of turns used for 
stress relieving should be about 50°% more than that 
used for normalizing for direct operation from a fixed 
voltage supply. 

When the number of turns needed is not known, the 
simplest procedure is to install what appears to be more 
unit coils than necessary, connect them all in series, and 
center them over the weld. If the temperature rise is 
too slow with 230 v. connected across all of the unit 
coils, the leads should be reconnected to exclude one 
or more unit coils from each side. With a cold pipe of 
mild steel the power input to the pipe varies as nearly 
the eube of the volts induced in the pipe, so a small 
change in number of coil turns makes a large change in 
rate of temperature rise. Line kva. will vary between 
the cube and the square of the volts-per-turn because 
other factors are present besides that of power input to 
the pipe. 

The computation of power input for temperatures 
below the Curie point is more involved than the prob- 
lem given earlier of heating a 10-in. Schedule-100 pipe 
to 1725° F., so no attempt has been made to give it 
here. 


CONTROL EQUIPMENT 


Figure 6 shows a view of the control unit. The con- 
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Fig. 6 240-v., a.-c. stress reliever and normalizer controls 
(front of unit) 


ductors from the 230-v. bus to the control unit and from 
the control unit to the inductor coils each consist of 
100-ft. lengths of No. 4.0 Awg extra flexible welding 
cables. A 600-amp. safety switch and a contactor com- 
prise the feed through the control unit. Fusing at the 
230-v. bus only. For the contactor a 3-phase, 120 208- 
v., 150-kva. network protector was used because it is a 
stock item, otherwise a 600-amp. single phase controller 
would be used. The network protector is motor oper- 
ated, and is limited to 50 operations per hour to avoid 
overheating of the motor. The overcurrent relay on the 
protector is set for 600 amp. 

Instrumentation consists of a recorder-controller, 
a manually operated potentiometer with a 6-point se- 
lector switch, an ammeter and an electric clock. A 
220 110-v. auto transformer is tapped into the 230-\ 
circuit to supply 115 v. for lighting, recorder chart 
drive and the clock. Current transformers for the 
ammeter and overload relay are a standard part of the 
network protector. A double throw control switch 
permits the operation of the control unit to be either 
automatic or manual. 

Safety features of the unit include locks on all doors 
except the instrument and controller compartment. 
With the unit in its operating position it is impossible 
for anyone to come in contact with live parts of the 
equipment. During operation the frame is grounded 
with a separate heavy ground lead. 

The lower half of the instrument compartment cover 
forms a desk for convenience in taking readings. Below 
the instrument compartment is a space for tools, ink, 
pen, charts, record sheets, ete. The whole unit is 
mounted on roller bearing wheels for easy maneuver- 
ability. 

Thermocouple wiring at the weld consists of a 6-ft. 
length of solid No. 19 Awg chromel-alumel couple. A 
small steel sleeve is welded longitudinally to the pipe 
at the point to be measured. The end of the couple, 
twisted together for about '/, in., is placed inside the 
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small sleeve and the sleeve is then peened down to grip 


4800} it. Two feet of the couple extending away from the 


small sleeve are insulated with ceramic beads, the re- 
mainder is insulated with plastic tubing. After each 
use, a foot of the hot end of the couple is discarded to 
maintain thermocouple accuracy. Fifty-foot stranded 
chromel-alumel extension leads connect from the weld 
zone couples to a terminal block under the instrument 
compartment. The thermocouple coming from the 
— center of the weld zone is connected through to the re- 

corder-controller. All remaining thermocouples connect 


to the selector switch on the manually operated poten- 

At the start of a weld normalizing operation the 
operator at the control unit sets the controller at fixed 
+—+-__466-—- time intervals for successive steps of temperature rise. 
The temperature rate of rise set by the metallurgist for 


re the pipe alloy involved determines the temperature 
= 300-4 steps and time intervals between steps. In Fig. 7 the 
<= 


TEMPERATURE OGG.F. 


temperature rise curve was plotted as a smooth curve. 


a 
$ 


Actually it consists of a series of steep rises with on-off 
holding periods between. These periods when the power 
/ Was not on continuously are shown as dotted lines in 
aS TEMPERATURE RISE AND LOAD | 

DURING |HEATING GF WELD ZONE Ff 
/ been held at 1700 to 1725° F. for the prescribed time 
INCH SCHEDULE =100 PIPE 


the current and power curves. After the weld zone has 


| 


for normalizing, the operator lowers the temperature in 
the same fashion in accordance with the requirements 


of the alloy. During this time he records readings on 
100 all thermocouples and the load current and time. This 
record sheet together with the chart from the recorder 


2b 


40 60 
HEATING TIME MINUTES 


Figure 7 are filed as history of the individual welded joint 
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WELDER AND 


Titanium 


RODUCTION of titanium metal is getting into 
the long-pants stage. To meet vital military re- 


quirements, it is being developed at a much faster 


rate than usual for a newly produced metal. 

The world’s first small-scale commercial production 
of duetile titanium metal was started by the Du Pont 
Co. in 1948. This was in a small unit at the Newport, 
Del., plant of the Pigments Dept. Rated capacity 
was 100 Ib. a day, but its production did well to run 
half that much. Now a new plant has been built at 
the same location which turns out regularly greater- 
than-ton lots of the metal. Production now is at the 
rate of 1'/. tons per day and is expected to get up to 
2'/, tons per day in 1952. 

The substantial production increase in such a short 
time results from continuing research on quality im- 
provement and manufacturing process. Du Pont is 
currently spending about $1,000,000 a vear for research 
on the metal and ways to make it. 

Normally the growth would not have been this 
rapid because it has not been possible to develop a 
low-cost conventional smelting process for making it. 
However, because of the government’s urgent demands 
for the metal for defense purposes, the company scaled 
up production on the basis of the improvements it had 
been able to make up to that time. The research 
program has been speeded up for the same reason. 

Strides have been made in the production and melting 
of titanium, which were in an elementary stage three 
years ago. However, research to date has not been 
able to develop the much-sought continuous production 
process which would provide the key to mass production 
of low-priced metal. 

Although the ultimate goal has not been reached, 
Du Pont’s progress has been substantial. One major 
achievement was to learn how to make quantities 
of the metal of good quality and to do it regularly. 
Another was to develop and build the massive equip- 
ment which turns it out in lots of more than a ton at 
a time—a tremendous quantity considering that the 
metal was little more than a laboratory curiosity when 
Du Pont started research on it. 

Broad improvements have been made in the manu- 
facturing process itself, although details cannot be 
disclosed at this time. It still involves a reaction of 
titanium tetrachloride with magnesium, but differs 
from that originally used when production was first 
started. 


A news release prepared by the Public Relations Dept., E. I. du Pont de 
Nemours & Co., Wilmington, Del 
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From the basie work of Wilhelm Kroll, the U. 3. 
Bureau of Mines pioneered and developed the process 
through the laboratory to the pilot unit stage. This 
point was reached in the late years of World War IL. 
Du Pont started research on the metal on a sizable 
basis in 1942 and its work ran roughly parallel to that 
of the Bureau. The company pioneered commercial 
production of titanium, bringing in the first’ small 
unit in 1948. 
have since transformed the process into a vastly 
different and larger scale operation. 

With these advances in technology and plant capac- 
ity, the company finds that production has moved out 
ahead of the development of uses for the metal; that 
consumption has not kept pace-—probably a temporary 
situation. As the defense program moves ahead, 
the demand is expected to go up substantially and 
Plans for this are being 


Research and engineering advances 


require greater capacity. 
contemplated now, but there is nothing definite. 

Thus far in the development of the metal, Du Pont 
has been the chief producer. Du Pont’s output grew 
to 55 tons in 1950, the major part of the nation’s 
total—put at 75 tons by the Bureau. In 1951 
the company’s capacity went up to 600 tons a year 
with the new equipment. Actual production for 
the company is estimated at about 400 tons for 1951, 
out of a total of 700 tons for the nation, as estimated 
by the Bureau. 

This growth was made in four stages. 
100-Ib. unit. As design was improved and problems 
worked out, two larger units were installed. All 
three operated around the clock to boost production. 
Last April the fourth and biggest unit started into 
production and is now being brought up to capacity. 

Even when this reaches full capacity next year, it 
will continue to be used partly for experimental pur- 


First was the 


poses. Research on production requires this. Much 
of the progress up to now has come from pilot-plant 
experimentation. 

The metal as produced by Du Pont is in the form of 
sponge. It looks like silvery gray coke. Before it 
can be fabricated, it must be consolidated. But 
titanium is such a “getter’’—it quickly combines with 
gases in the air at high temperatures—-that casting it 
into solid metal ingots presented one of those “impos- 
sible” appearing problems. Once in ingot form, it 
can be handled readily. 

Research teams overcame the difficulties by design- 
ing and building two special furnaces at the Newport 
plant, for induction and for are melting of the metal 
by surrounding it with inert gases. The designs 


THe WELDING JOURNAL 


4 

av 

q 
| 

| 
i 

a 
: 


have been offered to titanium customers and at least 
six of them have been put in operation or are being 
installed by other companies 

Both furnaces at Newport are large enough to ap- 
proach commercial proportions. In one of them, more 
than 15 tons of metal have been melted and ingots up 
to 650 Ib. are now being cast. The mere fact of ingot 
size is considered of primary importance in the industry 
and the growth from the first 10-lb. ingot —itself 
a major achievemnt in the field—-has been watched 
with much interest. Major scientific and engineering 
problems were posed in the research for methods 
of producing the larger sizes required by fabricators 

The other furnace, based on are heating, may hold 
the key to the continuous melting and casting of titan- 
ium—one of the factors necessary to mass production 
of the metal. In it, ingots can be formed continuously 
from molten metal, then cut to suitable lengths. 
Furnaces of this type are now producing ingots as 
large as 1200 Ib. 

The company continues its research on melting 
and casting and still does some casting for customers 
on request. However, the emphasis now is on assisting 
fabricators to develop their own equipment based on 
experience and design at the Newport plant. 

The company also has done some work on methods 
of forging, rolling and otherwise fabricating the metal. 
This knowledge, too, was passed along to the fabricators 
interested in it. 

This broad research activity was necessary because 
there was relatively little knowledge available on the 
properties of titanium and methods of handling it 
and using it. More recently many companies have 
taken up the work on fabrication and development 
of uses. 

Reduction of titanium ores to metal is chemical 
in nature and involves chemical operations with which 
the company is familiar. It also involves raw materials 
and intermediate compounds which the company has 
available’ Du Pont has a commercial plant in opera- 
tion for production of titanium tetrachloride. Since 
1931, it has produced titanium dioxide on an increasing 
scale. Titanium dioxide is a white pigment which is 
used widely in paint, enamel, linoleum, paper and other 
commonly used things. The continuing research 
work to improve the pigment led into the scientific 
investigations which resulted in production of the metal 

As recently as the outbreak of World War I, titanium 
in any form had no commercial use worth mentioning 
In fact, chemistry textbooks published about the turn 
of the century contained little information about it 
It was considered a rare element. Even today it is 
among the less familiar elements chemically. How- 
ever, it has been familiar to the mineralogist as a minor 
constituent or impurity in a large number of minerals. 


Vast iron deposits long lay idle because of the contami- 
nating presence of titanium. It was the research aimed 
at finding a practical method for eliminating this 
“impurity” from iron ore that led to the discovery of 
the great importance of titanium dioxide as a pigment 

Titanium is a low-density, silver-white metal, 
between silver metal and stainless steel in color. In 
ductile form it possesses an excellent strength-weight 
ratio and exceptional corrosion resistance 

This means that in comparison to such common 
metals and alloys as iron, copper, silver, steel and brass 
it is relatively light and that for any given purpose 
it takes less of titanium than of any of the other com- 
monly used metals to get the same strength. It 
is readily workable and relatively pliable. Its resist- 
ance to corrosion by salt water and atmosphere is 
much better than that of other commonly used metals 
and it withstands the effects of most chemicals better 
than most other structural metals 

Reports and studies up to now indicate that titanium 
metal will find use in the following fields: 

1. Aireraft power plants: Its light weight and 
strength are needed here and temperatures of operation 
are reaching higher than aluminum alloys can with- 
stand 

2. Air frames: As speeds increase, air frames must 
be stronger and operate at higher temperatures. 
Titanium fits these requirements. 

3. Pyrotechnics: Titanium powder burns in air 
with intense heat. This will probably be a small 
market. 

4. Low titanium alloys: A number of iron and 
nonferrous alloys use titanium in percentages from 
0.1 to 3.5%: 
alloys enables producers to get cleaner and stronger 


The use of high purity metal in these 


alloys with greater regularity 

5. Marine: The unusually fine corrosion resistance 
of titanium to sea water suggests its use in marine 
equipment. 

6. Chemical equipment: Here again, its corrosion 
resistance—particularly to oxidizing, chlorine and 
chloride reagents—brings it into consideration for 
chemical equipment. 

7. Ordnance: Reports have been published that 
unalloyed titanium is more resistant to projectiles 
than any armor plate now in existence. If this is 
substantiated, the metal will be important in this field. 


Bibliography 
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Sale Devices for Handling Cylinders 


by J. C. MceMills 


OUGH handling can cause serious damage to oxy- 
gen and acetylene cylinders—and more im- 

, portant, to fingers and toes. Sure, cylinders are 
safely and strongly constructed, but they still 
should be handled carefully to prevent knocks or falls 
Every shop should use devices for handling cylinders 


J. C. McMills is connected with The Linde Air Products Co., Chicago, II! 


j 

Fig. 1 Make this one from an old wheel rim, cross-braced 

with strap iron. Slip the cylinder into place through the 
rigidly braced upper and lower collars 


Fig. 3 Anchor cylinders to a building column or wall. 
A hook over the top edge of the acetylene cylinder keeps 
the chain from slipping down 
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Devices such as trucks or stands will not only prevent 
damage to the cylinder but will also prevent crushed 
fingers and toes that are painful and costly. 

Although cylinder problems vary depending on cir- 
cumstances and locations, here are several good ways 
to handle cylinders. They all make cylinder handling 
easier for the operator. Some of the things shown can 
be purchased. But all of them can be made from mate- 
rials that are easily obtained —usually from worn or ob- 
solete equipment or from the scrap pile. 


by in. 
strap iron ring 


SX 21n.x 2-in.angle iron 


Fig.2 The base is a triangle welded from 2-in. angle iron. 
Weld three pieces of ‘ \-in. pipe to each corner of the 
triangle and to a I-in. ring 


Fig. 4 If there is no stationary object to which cylinders 
can be anchored, chain the cylinders together to make 
them more steady 
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XL and WQ | Bend to fit > 


Fig. 3 Heat and shape steel rod to form this clamp. Do not shape the rod on the cylinder. Chain one of the eyes to a 
pipe or other support and the cylinders will stay upright 


Braze-weld | bolting to 
\ work bench. 


(Countersink 


Form from 
For inside tor 
42 in, steel AR stove bolts) 


[08 Ya 


Acetylene Stee/ washer. Braze-weld 
to end of rod as shown 


72 in. stee/ rod, weld to strap 


This simple clamp will prevent cylinders from falling while 
With the clamp bolted to a work bench, cylinders will 
never topple over 


Fig. 6 A strap iron with a lug welded to one Fig. 7 
side makes a good clamp. The lug fits over the being used. 
edge of the acetylene cylinder 
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by W. P. Brotherton 


NLY recently has spot welding attained top billing 
in the aircraft industry. Although long regarded 
as a promising performer, it suffered from a prima 
donna complex which handicapped its extended 

use. Inaccurate timing spoiled its execution. 
Insufficient current capacities and pressures limited 
its application to small, secondary components and 
thin-gage materials. 

Working in close liaison with production companies, 
the welding machine manufacturers have overcome 
these former frailties. Modern equipment is now 
engineered to fabricate primary, load-carrying air- 


W. P. Brotherton is connected with the Rvan Aeronautical Co., San Diego 
Calif 


Fig. 1 | Ryan builds large quantities of high temperature jet engine components 
including these combustion chambers for the General Electric J-47 jet power 
plant. 


welding are used to join the assemblies 
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vilowatts Don't Weigh Anything 


These vital parts are fabricated from inconel metal and seam and spot 


craft structures and heavy-gage metals of practically 
every kind. Ryan is securing spot-welded joints in 
stainless steels that are 100% efficient compared with 
an average of 60°% efficiency for riveted joints. 

The new tools squeeze sheets together with a force 
of 9100 Ib. and can “fire” 120,000 amp. across a short 
circuit. This potent power can stitch together two 
sheets of '/,-in. thick steel or two sheets of aluminum 
alloy '/s in. thick. 

The control individually delineates the periods 
allowed for squeeze, weld, forge and off phenomena 
and cramps the whole cycle within a half-second of 
time, at the rate of 120 spot welds per minute. These 
controls “think” and act in terms of thousandths of 
a second (milliseconds). They prove that the develop- 
ment of the electronic tube gave spot welding its 
present importance. 

A good example of the type of 
product which is now possible with 
present spot-welding know-how is the 
huge external wing fuel tank which 
Ryan is building in quantity. Largest 
of their type ever produced, these 
torpedo-like containers depend upon 
spot welding for their lightweight 
design and aerodynamic smoothness. 
They are fabricated with seam-welded 
joints in which rotating electrodes pro- 
duce a series of overlapping 
welds to form gastight seams without 
the need for sealing compounds. Not 


spot- 


a single rivet head mars their sleek 
exterior. 

Not long ago, spot welding would 
not have been considered for build- 
ing such primary structures as floor 
beams for aircraft. Today, 
Ryan is 
49 floor beams for each 
C-97 Stratofreighter—cargo carrier of 
the Air Force which can transport 
68,000 Ib. of freight. One thousand 
spot welds are placed in each I-beam 
assembly to form one of the lightest 


cargo 
making complete sets of 
big Boeing 


and strongest aircraft members. 

In the jet engine field, Ryan uses 
generous amounts of spot welding to 
form combustion chambers and tran- 
sition liners of Inconel and cone and 
tail-pipe assemblies of stainless steel. 


The stainless steels and nickel base 
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Fig. 2. Ingenious twin spot-welding guns are used on the Ryan production 

lines for Pratt and Whitney reciprocating engine exhaust systems. Suspended 

» spot-welding guns can be moved up and down the 

assembly lines. They are suspended from spring-loaded reels, which accommo- 
date their weight, and powered by water-cooled cables 


by overhead monorails the: 


Fig. 3 Like sections of a big torpedo, these smooth fuel tank sections are 


being assembled in the Ryan final assembly department. 
welded into one continuous, smooth surface, the exterior of this tank has no 
rivets to mar its aerodynamic cleanness 


alloys are well fitted for spot-weld design because 
their high electrical resistance makes short heating 
time possible. Operating at elevated temperatures, 
these jet components are vital parts whose failure 
could cause the loss of an engine and aircraft. Use 
of spot welding in these military applications is a high 
tribute to its modern acceptance. 

Some of the production benefits derived from the 
latest electronic controls are: 
Slope Control: In which the already brief period, 
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Completely seam 


during which the firing of the weld- 
ing current occurs, is further regulated 
so that the inrush of current is 
momentarily dammed and then 
allowed to build up in a crescendo. 
By this split-second restraint, added 
time is provided to permit the weld- 
ing heat to be better absorbed by the 
metal surruunding the spot weld 
This avoids the “splash,” or explo- 
sion, of hot metal from too sudden 
heating. With slope control, it is 
possible to place larger spot welds 
in smaller areas and to place them 
very close to outer edges giving 
designers greater latitude. 

Tailing Heat Control: This refine- 
ment is a controlled diminution of 
current amplitude after welding to 
obtain a retarded cooling of the 
metal and prevent shrinkage cracks 
Particularly valuable in the fabri- 
cation of aluminum alloys, which tend 
to cool quickly, this innovation allows 
the current to die down gradually in a 
few hundredths of a second. 

Preheating and Postheating Control: 
By arranging for a reduced heating 
current, immediately prior to weld 
ing current, it is feasible to preheat 
thick-gage metals and allow the elec- 
trodes to seat better and also permit 
the spot welding of these heavy ma- 
Postheat- 


ing technique is employed to ingeni- 


terials with lower currents. 


ously temper spot welds in heat- 
treatable steels without recourse to 
time-consuming furnace procedures. 
This precise control of the current 
after welding is designed to cause 
sudden cooling, to quench the metal, 
and then a reduced heating is applied 
to draw, or temper, the spot welds 
and give them added strength. 

Half-Cycle Firing: With the new 
electronic controls, Ryan engineers 
can harness fractional cycles from the 
3-phase, 60-cycle line current in the 
plant. By timing the firing of the 
welders to occur on half-cycles, eX- 
tremely short heating currents can be planned. These 
fractional firings are useful for spot welding thin-gage 
aluminum alloys which require high-current, short 
time values. 

Plus or Minus Cyele Firing: 


gleaned another advantage, which the new controls make 


{van engineers have 


possible, in this technique. By tapping the welding 
current wave on alternate plus or minus cycles, a 
unidirectional spot weld can be made which is uni- 
formly off center. In welding sheets of different 
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thicknesses, this dislocation can be designed to occur 
so that the spot welds are cast deeper in the thicker 
sheet, to maintain uniformly strong adherence. 

These are only a few of the new possibilities which 
can be realized when modern spot-welding machines 
and experienced engineers work together to extend 
the usefulness of the process. Spot welding is on the 
march. If the recent years are a guide to the future, 
it will continue to take over more and more of the 
metal joining jobs which are being accomplished by 
other methods. After all, kilowatts are clean, quick 
and controllable and they just don’t weigh anything. 


Fig. 4 Operator at Eagle Signal Corporation, Moline. 
Illinois, uses a General Electric Type WP inert are welder 
to weld together aluminum traffic signal controller cabinet 


Fig.5 Huge new Federal seam welding machine, largest of its type. is employed to seam weld large external fuel tanks 
for aircraft. Eight of these machines are used to build these mammoth tanks which are the largest ever designed 


AN OPPORTUNITY —is presented to all AWS Membership and Industry 


to secure back numbers of The Welding Journal Bound Volumes at very low cost 
Effective now, but ending June 1, 1952, the following BOUND VOLUMES are available at the prices shown 


Year *Price Year *Price 
1930 $4.00 1946 $6.00 
1931 4.00 1947 6.00 
1932 4.00 1948 8.00 
1933 4.00 1949 8.00 
1934 4.00 1950 10.00 
1938 4.00 


* Plus Postage 
Each consists of the twelve (12) issues of that year's JOURNALS, each volume attractively bound in imitation 
black leather covers. These are valuable additions to your engineering and welding library. 
Place order now and before June 1, 1952, with the AMERICAN WELDING SOCIETY, 33 West 39th St., 


New York 18,N. Y. Add 3% sales tax on N.Y.C. orders. 
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Refinery Welding 


by C. G. Herbruck 


F. BRAUN & Co. have been serving the petroleum 

and chemical industries for over forty years with 

consulting-engineering and research service, a 

world-wide construction service and by manu- 
facturing specialized apparatus and products. Braun 
engineers, designs and constructs complete refineries 
and chemical plants of all kinds. They have built 
over 300 such refinery and chemical units here and 
abroad. 

Welding has been the “life blood” of their fabri- 
cating methods, both in their Alhambra, Calif., plant 
and in the field on construction sites. A recent job 
was the fabrication and erection of a Standard Oil 
Co. refinery near Bakersfield, Calif. An interesting 
welding application here was the field pipeshop 

Until eight years ago, Braun manufactured all 
pipespools in their factory at Alhambra, or they farmed 
the work out to pipespool fabricators. Then, the 
Company took a turn at fabricating pipespools right 
on the job sites. Results were good, even though the 
work at that time was done in temporary shelters 
without detailed planning. The problem of coordi- 


C. G. Herbruck is Assistant to the Secretary of The Lincoln Electric Co 
Cleveland, Ohio 


nating the design, the materials, the fabrication and 
the construction was simplified. And too, field fabri- 


cation saved erection costs, 


Fig. 2 Roundseam weld. Welding ell to straight section 

in an 8-in. spool. Units are welded inside the pipeshop 

and then field erected at refinery in background. A semi- 

automatic was used to good advantage on pipe welding 

including flanges. The field pipe shop worked out well on 
the Stanocal job. 


Fig. 1 Preheating an alloy pipespool before welding. 

Chrome fitting in positioner is heated to 600° by a natural 

gas heater during welding operation. An E502-15 type 

‘/s-in. rod is used, Tempilstiks® used to determine heat 

for this critical material. Welding operations were 
handled in pipeshop located at job site 
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Fig. 3 Setting up a pipespool in the field pipeshop. This 

is a simple method of aligning fittings to be used on the 

nearby job. A strong back is used on the bottom with 

adjustable pipe brace which can be set to predetermined 

degree and kept in correct alignment during welding 
operation 
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Braun then began to improve their embryo field- 
shops. The temporary buildings gave way to steel 
buildings, and the equipment and tools were bettered 
The pipeshop at Bakersfield was equipped with an 
electric overhead crane, floor-operated. In addition, 
there were jibcranes with electrical hoists, contour 


pipecutters, weld-positioners and many other facilities 


aaa essential to efficient work. 
Fig. 4 Bank of 300-amp. welding machines at base of new 
cracking plant on Stanocal’s refinery expansion job at At Bakersfield a week’s work at a time was laid out 
Oildale, Calif. Single electrical panel board shown re- material-wise in the pipeshop—all the fittings, flanges 
duced the hazard of high voltage wiring throughout the pu I & ges, 


plant weld-ells and so on. The spools moved from the set-up 


Fig. 5 Welding 6-in. flange to elbow at the valve on Fig. 6 Field welding on Stanocal’s Oildale Refinery. Pipe 
Stanocal’s refinery addition near Bakersfield. A ° »-in. sections are fabricated in nearby pipeshop and field welded 
rod was used; 150 amp., 80 v. in place. Foreground—Welding swedgenipple to straight 
section. Above—Welding roundseam between elbow and 

straight section 


Fig. 7 Over-all view of new refinery addition at Stanocal’s property near Bakersfield, Calif. Fabricating pipespools 
on the job site saves erection costs and makes for production flexibility giving piping crews the spools they needed 
when they needed them 
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table to the weld section in an orderly manner. This 
fieldshop made for production flexibility. When pipe 
fabrication for one area of the job was halted for any 


reason, spool fabrication for another area began at 
once. The piping crews had the spools they needed 
when they needed them. 


Welding Sequence Prevents 
Distortion 


by F. C. Geibig 


HEN three spokes of a cast-iron sheave cracked 
} under heavy loading, welding was used to repair 
the breaks. But the welding job had to be done 
carefully or heat distortion would have ruined the 
sheave. The job was done by braze welding, and a defi- 


nite welding sequence was followed to avoid distortion. 
Here is how the job was done. 

First the breaks were veed, and then the welding 
areas were thoroughly cleaned. A stiff wire brush was 
used for the cleaning job. After being wire-brushed 
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Fig. 1 This is the sheave, ready for the repair job. The 
hose for the gas ring burner is visible to the right of the 
sheave. Spokes were welded in the order 1, 2, 3 
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the entire sheave was pre-heated to 450° F. Then a 
gas ring burner was kept burning beneath the sheave 
during welding to keep the part heated 

Then the welding sequence was planned. The three 
broken spokes were adjoining and only one—the middle 
spoke of the three—was completely cracked. It was 
decided to weld the completely cracked spoke last. In 
this way the heat from the welding would keep the 
cracked sections of the spoke separated, and the pres- 
sure that could cause distortion would be relieved. 

As each spoke was welded it was first heated to a dark 
red. Then both sides of the crack were welded before 
the operator moved to the next spoke. After the third 
and largest crack was welded the operator played his 
flame over the three welds, heating them evenly. 
Then the sheave was covered with asbestos paper and 
allowed to cool slowly. There was no distortion when 
the sheave cooled, and it was put back on the job. The 
repair made the sheave stronger than ever. 


Fig. 3 7 he 


Fig. 2 


heated to 450° F. 


three breaks have been repaired, and the 
sheave cooled slowly under asbestos paper. There is no 
distortion, and the sheave is ready to be put back to work 


The operator is starting to weld 
the first partially cracked spoke. The 
sheave has been cleaned, then pre- 
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by G. E. Kabacy 


ARD FACING of screw conveyors, augers and 
post-hole diggers is a necessary step to prevent flight 
edges from wearing down and becoming untrue. 
Particularly in the case of screw conveyors, worn 
edges permit material to pass between the blade edges 
and the trough, thus reducing effectiveness of the con- 
veyor. Worn edges can be rebuilt to size with steel rod 
first. 

Hard facing of these edges takes only a short time 
and should be done before the equipment is put into 
use. Normally it will extend the life of the equipment 
from two to six times and, in some cases, may even ex- 
ceed that. The hard-facing material, as shown in the 
illustrations here, should be deposited on the sides or 
radial faces as well as on the peripheral edge of the 
blade. A normal deposit should be about !/1¢ in. thick. 
Be sure to use a good hard-facing rod. 


HOW TO HARD FACE 


& To hard face, first adjust the blowpipe to give an ex- 
cess acetylene flame. For the right adjustment, the 
acetylene feather should be approximately 2'/: times as 
long as the inner cone. 

In hard facing, it is important that the base metal be 
heated to the sweating point rather than to the molten 
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Direction Flight or radial face, 
of leading trailing —> 
rotation \ ll 


or edge 


Fig. 1 Normally the peripheral edge is the surface ex- 

posed to the greatest wear. However, the leading radial 

face should also be hard faced if the conveyor is used to 
transport abrasive materials 
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Fig.2 Here is the actual hard-facing operation of a screw 

conveyor. The work is preheated and protected by fire 

brick. Hard-facing rod is deposited along the entire 
leading edge first and then along the peripheral edge 


point. If the metal is molten, the deposit is diluted 
with the base metal and is not as effective. 

Heat the base metal with the blowpipe.until it begins 
to get glazed or watery. When it reaches this state, it 
is said to be “sweating” and is ready for the hard-facing 
rod. Withdraw the flame enough to insert the rod be- 
tween the tip of the inner cone and the sweating sur- 
face. As drops of hard-facing deposit form on the sur- 
face, remove the rod and spread the deposit with the 
flame. Normally, the puddle will move easily —do not 
try to push it or guide it with the rod. If it does not 
move freely, chances are that the metal is not hot 
enough or the surface may be dirty. In the latter case, 
the metal can be cleaned with a file or wire brush. 


3. A post-hole digger is undergoing treatment here. 
Te leading edge is hard faced for an area of approximately 


one inch from the edge. The peripheral edge will be 
hard faced next 


THe WeLpInG JocRNAL 


— | 


the 


MERICAN 


activities 


related events 


Memorial Resolutions 


The following memorial resolutions were 
approved by the Board of Directors of the 
AMERICAN WELDING Society at their Jan 
23, 1952, meeting. 


William W. Reddie 


Resolved, That the AMERICAN WELDING So- 
clety records with profound sorrow the un- 
timely death on July 27, 1951 of its mem- 
ber and colleague, William W. Reddie, who 
during the past thirty years gave un- 
stintingly of his time and energy to the ad- 
vancement of the Socretry and the welding 
industry. 

His deep understanding, willing coopera- 
tion and friendly nature endeared him to 
his many friends and associates. His fore- 
sighted approach and determined nature 
overcame the most difficult obstacles and 
made possi « many advancements in the 
field of welding 

During his long and eventful career, he 
showed boundless energy and enthusiasm 
in the promotion and application of Are 
Welding in all its phases. He was one of 
the organizers and a past Chairman of the 
Pittsburgh Section and served notably as 
chairman and member of many commit- 
tees for the AMERICAN WELDING Socrery 
Resolved, That the AMERICAN WELDING So- 
CIETY acknow ledges the loss of an outstand- 
ing engineer and associate and expresses 
its sincere sympathy to the family and the 
many friends and colleagues of William W 
Reddie 

Prepared by Special Committec 
C. H. Jenntnes, Chairman 
J. P. CovGuiin 


OW. Barnes 


Resolved, That the Board of Directors of 
the AMERICAN WELDING Society learned 
with sincere sorrow of the death of its 
member, W. W. Barnes, which occurred at 
his home in Byrn Mawr, Pa., on July 24, 
1951. 

Resolved, That it is the sense of the Board 
that the Society has sustained a great loss. 
He was a charter member of the SocreTy 
and one of the organizers of the Socrery’s 
first Section, the Philadelphia Section. He 
worked for the Socrety’s best interests and, 
throughout his lifetime, he gave generously 
of his ability and time in the interest of the 
Society. Even after his retirement from 
active business he accepted and brought to 
successful conclusions many Society proj- 
ects. He was a friend of all his associates, 
a man of high ethies, and a weleomed com- 
panion to all who knew him. 
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Resolved, That these Resolutions be spread 
upon the records of the Society and a copy 
be given to his family 
Prepared by Special Committee 
R. D. Tuomas, Chairman 
H. W. Prerce 
T. M. Jackson 


Third Annual 
Welding Conference 


\ broad-gage inquiry into all aspects of 
present-day modern welding techniques 
and problems characterizes the program, 
just released, for the third annual Welding 
Conference at. Detroit on April 16th, 17th 
and 18th 

Meetings at Rackham Memorial Build- 
ing will be addressed by a score of experts 
in different fields. In addition, exhibits of 
welding equipment are being arranged 


These meetings are under the sponsorship 
of three technical groups, the American In- 
stitute of Electrical Engineers, the De- 
troit section of the AMERICAN WELDING So- 
ciety, and the Industrial Electrical Engi- 
neers Society of Detroit. 

The program,-as announced by E. J 
Limpel, A. O. Smith Corp., Milwaukee, 
includes the following papers: 


Wednesday, April 16th Morning ses- 

sion--QuaLity Conrrot 

Elements of Quality Control in Spot- 
welding Aluminum for Aircraft,’’ by F. H 
Matthews, Boeing Airplane Co., Seattle 

Military Aeronautical Spot and Seam 
Welding Specifications,” by J. Maltz and 
N.E Promisel, Dept of the Navv, Bureau 
of Aeronautics, Washington 

Industry's Answer to ANW Specifiea- 
tions,”’ two discussions, by P. F. Parks, 
Solar Aircraft Co., Des Moines, and F 
Brandt, Thomson Electric Welder Co., 
Lynn, Mass 


Wednesday, April 16th Afternoon Ses- 
sion-—INSTRUMENTATION 


Resistance-Welding Instrumentation 
Past, Present and Future, as Applied to 
Quality Control,” by Reidar P. C. Rasmu- 
sen and tobert McMaster, Battelle 
Memorial Institute, Columbus 

“Instruments to Improve the Operation 
of Single-Phase and Three-Phase Re- 
sistance Welding Machines,”’ by William 
R. Stern, Brush Development Co., Cleve- 
land. 

“New Devices for Measurement of 
Welder Voltage Drops on a Power Sys- 
tem,”’ by V. H. Kraybill and R. E. Young, 
Public Serviee Co. of Northern Illinois 
and M. Fisher, Jr., University of Illinois 
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“Spotweld Monitoring by Resistance 
Change,” by Herbert D. Van Sciver, The 
Budd Co. 

Electronic Control] for Monitoring the 
Resistance Change During a Spotweld,’ 
by S.S. Barnhart and W. B. Hills, General 
Electrie Co Schenectady 


Thursday, April 17th— Morning Session 

POWER SUPPLY 

“Introductory Remarks,” by L 
Bailey, Chrysler Corp., Detroit 

‘Ratings and Characteristics of R 
sistance Welding Machine Load,” by W 
G. Bostwick, Precision Welder & Machin- 
ery Co., Cineinnati 

Power Supply for Resistance Welding 
Machines—the Power Company's View- 
point,”’ by H. W. Tietze, Public Service 
Electric & Gas Co. of New Jersey 
f Users Section Informa 
tion for Power Users,” by W. K. Boice 
General Electric Co., New Haven, Conn 

Typical Installations,” by C. E. Pflug 
Nash-Kelvinator Co., Kenosha, Wis 


“Synopsis 


Thursday, April 17-—Afternoon Session 
ResisTANCE WELDING 
Up and Down Slope in Spot Welding,’ 
by Ll. W. Johnson, General Electric Co 
\ New Three-Phase Welding System 
for Welding of Aluminum,”’ by Van Ness 
and Hartwig, Westinghouse Electric Corp 
\ New Method of Controlling Platen- 
displacement vs. Time During Flash 
Welding,”’ by Prof. E. E. Moyer and Mr 
Savage, Rensselaer Polytechnic Institut« 
‘Problems and Equipment in Aircraft 
Spot Welding,” by J. R. Fullerton, Ryan 
\eronautical Corp 


Friday, April 18th-—-Morning Session 

FUNDAMENTAL AR¢ 

Characteristics of the Tungsten Are in 
Argon-Helium Mixtures,” by T. B. Jones 
and Merrill Skolink, Johns Hopkins Uni- 
versity 

Forces of Electromagnetic Origin in the 
Welding Arc,”” by W. J. Green, Research 
Lab., Air Reduction Co 

- High Speed Photography a Tech- 
nique for Are Research,”’ by R. J. Krieger, 
Ohio State University 

New Instruments for Studying the 
Welding Arc,” by L. P. Winsor, Rensselaer 
Polytechnic Institute 


Friday, April 18th——Afternoon Session 

Arc WELDING 

“Consumable Electrode Are in Inert 
Gas,”’ by R. W. Tuthill, General Electric 
Co., Fitchburg, Mass 

Are Welding Process for Making Elec- 
trical Connections Between Small Alumi- 
num Wires,” by C. R. Dixon and Paul 
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Dickerson, Aluminum Co. of America, 
New Kensington, Pa. 

“Qualitative Instrumentation for D. C. 
Are Welding,” by E. H. Wilhelm, Electri- 
cal Engineer. 


Board of Directors Meeting 


The second meeting of the Board of Di- 
rectors of 1951-52 of the AMERICAN 
Wexpine Soctety was held in the Conti- 
nental Room, Statler Hotel, Washington, 
D. C., on Wednesday, Jan. 23, 1952. at 
10:00 A.M. The following attended: 

Members: Chairman, C. H. Jennings, 
F. L. Plummer, E. R. Seabloom, L. C. Bib- 
ber, J. U. Durham, R. 8. Green, H. L. 
Ingram, Jr., A. J. Moses, I. A. Oehler, H. 
E. Rockefeller, G. N. Sieger, J. R. Stitt, 
C. B. Voldrich and A. E. Wisler. 

Staff: J. G. Magrath, Secretary, and F. 
J. Mooney, Assistant Secretary. 

Guests: W. Roberts, Chairman, AWS 
Washington Section; R. H. Evert, Secre- 
AWS Washington Section; H. 8. 
Secretary, AWS Maryland Section. 


tary, 
Sayre, 


Confirmation Approval 


The Chairman called for confirmation 
approval of letter ballot sent out by the 
Secretary to all Board members, submit- 
ting the recommendations of TAC for 
appointment of AWS representation on 
ALEK Committee on Instrumentation and 
upon proceeding with the printing of ‘‘Safe 
Practices for Welding or Cutting Contain- 
ers That Have Held Combustibles,”’ the 


Secretary advising that 20 affirmative let- 
ter ballots had been received. 

Action: Upon motion, duly seconded, 
confirmation approval of the letter ballot 
on TAC recommendations was given. 


W.W. Reddie Memorial Resolution 


The Chairman read the Memorial Reso- 
lution for W. W. Reddie which was submit- 
ted by a Committee composed of C. H. 
Jennings and J. P. Coughlin. 


Action: 
the Memorial Resolution, 
was approved. 


Upon motion, duly seconded, 
as prepared, 


W. W. Barnes Memorial Resolution 


The Chairman called upon the Secretary 
to read the Memorial Resolution submit- 
ted by R. D. Thomas, Sr., H. W. Pierce 
and T. M. Jackson for W. W. Barnes. 


Action: Upon motion, duly seconded, 
the Memorial Resolution, as prepared, was 
approved. 


Membership Delinquency Period 


The Secretary requested that the Board 
approve an extension of the member delin- 
quency period one month beyond the pe- 
riod provided in the By-Laws. This 
procedure was practiced in 1950 and 1951, 
upon Board approval, and the action re- 
sulted in a reclamation of from 50 to 60 
members each year. 


Action: Upon motion, duly seconded, 
recommendation that the delinquency pe- 


riod be extended one month beyond the 
period provided in the By-Laws was ap- 
proved. 


AWS Headquarters’ Housing 


It was decided that the problem of ac- 
quiring funds for relocation of AWS 
Headquarters and for the acquirement of 
funds for the successful conductance of 
numerous other activities, as exposed in 
the Agenda of this meeting, constituted a 
major problem of fund acquirement and 
that any solicitation of funds or appropria- 
tion of funds from reserve for this specific 
activity should not occur at this time, but 
rather the project should be deferred until 
such time as sufficient funds for all activi- 
ties were made available through means of 
a concerted plan for fund raising. 

Action: (a) Upon motion, duly 
onded, the Board of Directors approved 
the discharge of the Special Committee on 
Headquarters’ Housing, such to be aecom- 
panied by the Board’s sincere appreciation 
to that Committee for its efforts and the 
statement that the work of that Commit- 
tee not only had been helpful in their pres- 
ent deliberations, but would be of immeas- 
urable assistance should this project be re- 
opened for consideration in the future. 

(b) It was moved, duly seconded, and 
approved that the project of securing other 
AWS Headquarters’ Housing be deferred 
until such time as adequate funds were 
made available for financing the project, 
such funds to be accrued as a result of a 
fund-raising plan for total Society activi- 
ties. 
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Take advantage of exclusive 
P&H AC Dial-lectric principle 


ive your production 


— with safe, open-circuit voltage... easy, 
quick-start arc... time-saving, built-in 
remote control ...compact AC design 


Armor plate welding calls for low-hydrogen or stainless steel 
electrodes. P&H, pioneer in the low-hydrogen field, also offers 
the AC welder that gives you the best weldability with these 
rods — for greater production. 


Your men like the P&H AC Dial-lectric — like its safety 
under the most adverse conditions; like the easy, quick-start 
arc, the elimination of arc-blow. And they get more done! 
Get sounder, better looking welds in less time, thanks to built- 
in remote control which lets them select the right heat at the 
work, turns walking time into welding time. 


Because these welders give production such a lift, P&H has 
stepped up its delivery i woe to meet defense demands 
without delay. Get your production rolling in high gear. 
Order your P&H AC Welders today. Capacities up to 650 
amps. Take advantage of this delivery situation while it lasts. 


WELDING DIVISION 


4551 W. National * Milwaukee 14, Wis. 
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WELDING IMPROVEMENT ASSURES 


GREATER CONTROL 


CONDUCTIVITY 
(O-CONDUCTIVITY 


concer" 
4 A new mer 
Welding 
xi 


NEMA 7B Sequence — 
1A Synchronous Timer with 
“Cushioned-Power” Control 

and 600 Ampere 
ignitron Contactor. 


-% 


FREE LITERATURE—ESTIMATES 


CORP. 


21300 W. Eight Mile Rd., Detroit 19, Mich. 
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Fund Raising for TAC 


The Secretary was called upon to review 
this activity. He referred to Agenda 
Items G, which were distributed to at- 
tending members and copies of which are 
provided for nonattending members. This 
item dealt with a letter report by the 
Chairman of the Special Committee on 
Fund Raising, O. B. J. Fraser, in which he 
reviewed the activity of the Committee 
and submitted a letter form to be used as « 
guide by industrial executives for writing 
to other industrial executives in other or- 
ganizations, suggesting that they contrib- 
ute financial support to the Soctery’s 
technical activities, as well as a proposed 
format for a 6-page brochure to accompany 
the letter, such brochure reviewing the 
importance of AWS technical activities to 


| industry, the work done, the work being 


done, the need for funds to do additional 
work, and the membership and company 
affiliations of technical activities’ person- 
nel. 

Action: (a) Upon motion, duly sec- 
onded, the report of the Special Committee 
on Fund Raising was appreciatively re- 
ceived and accepted and the Committee is 
discharged with a vote of appreciation for 
its submission, with the recommendation 
that the Committee be informed that the 
result of its work will be very helpful in 
formulating a fund-raising program for al! 
Socrery activities. 

(b) It was moved, duly seconded and 
approved that fund raising for technical 
activities be deferred at this time. Fur- 
ther, that the financing of these activities 
or the necessary replacement of funds in 
the Soctery’s Reserve Fund, as withdrawn 
for these activities, be part of a total fund- 
raising project. 


Membership Promotion Plan 


The Chairman called upon the Secre- 
tary to further discuss the membership 
promotion plan which he had submitted 
under Agenda Item H. The matter of 
financing the approximate amount of 
$5000 for this activity, as estimated by the 
Secretary, was discussed and it was ob- 
served that such was not in the Society's 
budget for this vear. It was decided to 
proceed with the plan without appropri- 
ating additional funds therefor, paying 
for the progressively developing costs from 
present operating income and, if necessary 
at a later date, providing arrangements 
whereby funds would be made available 

Action: Upon motion, duly seconded, 
the Secretary's membership promotion 
plan was accepted and approved. 


Welding Educational Foundation 


Under this item, which was covered by 
Agenda Item I, Prof. Gilbert 8. Schaller 
University of Washington, submitted a 
letter, dated Dec. 12, 1951, urging that the 
Society institute a plan similar to the 
Foundry Educational Foundation, which 
was established to interest engineering 
students in the industry. Prof. Schaller 
observed that the same sort of thing was 
necessary in the welding industry and that 
AWS sponsor a program in which all seg- 
ments of the welding industry join with 
the objective of placing welding in the po- 


sition that it deserves. It was agreed by 
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Your local Alcoa Distributor is a good man to know when 


new rearmament contracts require that you teach inexperienced 


workers how to weld and braze aluminum. 

Through him you are offered the world’s most complete 
technical library on joining aluminum—‘“How-To-Do-It” movies, 
plus copies of a 186-page book covering all welding processes. 

You'll find your local Alcoa Distributor listed under 
“Aluminum” in your classified phone book. Or write: 


ALUMINUM COMPANY OF AMERICA 
1944D Gulf Building . Pittsburgh 19, Pennsylvania 
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and CUTTING 


and CUTTING 
ATTACHMENTS 


we 
THERE IS A DOCKSON 


DISTRIBUTOR NEAR YOU 
—name upon request 


all, including Prof. Green, Board member 
and Chairman of the Educational Commit- 
tee, that the proposal had merit. It was 
also agreed that the present program of the 
National Educational Committee on the 
basis of its Vocational Educational Pro- 
gram, as being prepared under the leader- 
ship of Chairman A. D. Althouse of the 
Subcommittee on Education at the Termi- 
nal Level, and that the companion pro- 
gram being developed under the leadership 
of Chairman J. Heuschkel of the Subcom- 
mittee on Relations with Engineering 
Schools, would result in attaining much 
the sume objective. However, Prof. 
Schaller’s proposal well deserved further 
study and that such study should be given 
to it by the Educational Committee. 

Action: Upon motion, duly seconded, 
Prof. Schaller’s recommendations were re- 
ferred to the Educational Committee for 
study and consideration in its over-all pro- 
gram. 


Special Publication Committee 


The Secretary again asked for favorable 
action on recommendations that he had 
made on two previous occasions, that a 
Special Committee for the handling of 
sales of books, pamphlets, educational 
He pointed 
out shat the Board had, upon his second 
prewous appointed a Special 
Cormemittce for Oetermining the Advisabil- 
ity of the Lsta> lishment of this Commit- 
tee and that that “‘ommittee had reported 
to the Board thet it was advisable to es- 
tablish such a Committee. However, the 
Board did not act thereon. The Secre- 
tary pointed out that the Socrery must 
now consider a replacement book for 
Welding Metallurgy, ways and means for 
producing a fourth edition of the Welding 
Handbook, ways and means for producing 
a series of books on Welded Design in the 
pressure vessel, structural, machinery and 
other fields, and should produce proper 
textbooks on welding for colleges. He ob- 
served that the rising cost of Soctety op- 
eration, coupled with the reluctance of the 
membership to pay higher dues proportion- 
ate to that they pay for every other service 
they purchase, makes it imperative that 
the Socrety seek supporting income from 
other sources, among which are additiona! 
publications, and that a Special Commit- 
tee should be instituted for handling the 
sales of books, pamphlets, educational lee- 
tures, ete. 

Action: Upon motion, duly seconded, 
the Chairman was authorized to appoint 
such a Committee 


lectures, etc., be organized. 


ne quest 


Vocational Education 


The Secretary advised that the Subcom- 
mittee on Education at the Terminal 
Level, a division of the National Educa- 
tional Committee, prepared a large report 
which is now under review by TAC for 
correctness of references to and standards 
of AWS. Upon final editing, it is proposed 
that the report be photo offset processed 
and distributed to some 100 State Educa- 
tional Consultants (two in each State) for 
review; then printed in book form and 
distributed to some 5000 Superintendents 
of Schools throughout the States with rec- 
ommendation that the welding educational 
pattern therein be adopted by their 
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schools. The Secretary estimated that 
this entire project would require funds to 
the amount of $10,000. He advised that 
it was designed to provide uniform ade- 
quate welding training of students at 
terminal level (high schools and vocational 
schools) with the intent of interesting a 
certain percentage of them to continue 
welding engineering study at the graduate 
level. It was suggested by the Subcom- 
mittee that the welding industry equip- 
ment manufacturers should be interested 
in this activity to the extent of, upon solic- 
itation, financing the project similarly to 
the manner in which the Ford Motor Co. 
financed the AI-VE Conference book re- 
port on “Standards for Automotive Serv- 
ice Instruction in Schools.” The Secre- 
tary advised that, as Secretary of the Na- 
tional Educational Committee, he was ac- 
quainting the Board with this activity, as 
before requesting the Subcommittee to 
proceed further with the activity, ie., the 
necessarily large task of turning out a 
completely edited report—the opinions, 
advice and suggestions of the Broad of 
Directors were sought. He advised that 
the National Educational Committee had 
given its approval of the plan. The 
Secretary also observed, at this time, that 
possibly in one year the Subcommittee on 
Relations with Engineering Colleges, a 
division of the Educational Committee 
which is now on preliminary work, will 
present a project of comparable scale 
and requiring comparable financing. Their 
plan is for welding education promotion in 
the engineering schools. In cross discuss- 
ion, Prof. Green and Mr. Stitt, Board mem- 
ber who is active in this Subcommittee’s 
work, agreed that the initial job of editing 
and photo offset processing for distribution 
to 100State Educational Consultants would 
entail a sum of approximately $2000. H. L. 
Ingram, Jr., District Vice-President, and 
Washington, D. C., representative of his 
organization, observed that the U. S. Na- 
tional Office of Education should be inter- 
ested in these projects and should be ap- 
proached toward the end of assistance, 
both in financing and distribution. 

As a result of the foregoing review, the 
Board of Directors was in agreement that 
the work of the Subcommittees of the Edu- 
cational Committee are much needed ac- 
tivities but at this time, the Society does 
not have adequate funds for initial editing 
and distribution to 100 State Supervisors. 
However, this worthy project shall be con- 
sidered in the over-all financing of the So- 
creTy and when funds are available, the 
necessary initial activity will proceed, The 
Subcommittees are to be commended for 
their activity and encouraged therein. 


Engineering Societies’ Library Donation 


It has been customary for AWS to make 
a contribution each year of $200 to the En- 
gineering Societies Library, located in the 
Engineering Societies’ Building, the head- 
quarters’ location of our Soctery. The 
library’s services are available to all mem- 
bers of AWS. Letter of Jan. 9, 1952, from 
the Engineering Societies’ Library sug- 
gests that, if possible, due to increased 
costs it would be very helpful if we could 
increase our contribution this year. In 
discussion, it was decided that, in view of 
the necessary activities of the Socrery re- 
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LO-HYDROGEN| 
ELECTRODE 


@ Keeps Low Hydrogen Electrodes Truly Low Hydrogen. 


@ ARIDAIR Intake Breather (Patent Pending) chemically de- 
hydrates incoming air; Only Moisture Free Air enters. 
@ Chimney Type Ventilation — Electrodes always sur- 
rounded by Moving, Heated, Dry Air. 


@ Dehydrating Chambers limit depth of electrode piles to 
1.25” to improve dehydrating efficiency. 


| 


@ Temperature Thermostatically Controlled — Adjustable 
from 250° to 600°F. 


Immediate Shipment on D.O. Rated Orders 
Specify 110 or 220 Volt Current. 


| 


Biveweld Mode! 400 S.E.A. Stabilizers may be 
stacked or grouped to meet varying capacity 
requirements. Each unit individually heated — 

capacity readily and economically adjusted. 
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quiring financing, it would not be possible 
to increase the contribution. 

Action: Upon motion, duly seconded, 
the regular contribution of $200 to the En- 
gineering Societies’ Library for the year 
1952 was approved. 


Nominating Committee By-Law Amendment 


The By-Laws Committee was requested 
to make changes in the National By-Laws 
concerning procedures for the National 
Nominating Committee. The Chairman 
of the By-Laws Committee submitted « 
report for his Committee under cover of a 
letter, dated January 16th, accompanied 
by attachments, all of which were included 
in Agenda Item P distributed to attending 
members, and attached for nonattending 
members. The By-Law amendment pro- 
vides for the appointment of a Chairman 
of this Committee in the year previous to 
his term of office and the provision that the 
Nominating Committee shall hold an open 
meeting at the time of the Annual Meeting 
of the Society, at which time members 
may appear to discuss the eligibility of the 
candidates for the various offices falling 
vacant. The attachments call for all pro- 
visions for the amending of supporting By- 
Laws: 

Action: Upon motion, duly seconded, 
proposed amendment, as submitted by the 
Constitution and By-Laws Committee, met 
with the approval of the Board of Direc- 
tors, 


Manufacturers Committee Chairmanship 


Due to ill health and physician's advice 
that he must reduce his activities, J. B 
Tinnon regretfully presents his resignation 
as Chairman of the Manufacturers Com- 


mittee. 
Action: Upon motion, duly seconded 
Mr. Tinnon’s resignation as Chairman of 


the Manufacturers Committee was regret- 
fully accepted, he to be notified with a let- 
ter of appreciation and regret that his 
health does not permit him to carry on in 
this activity. 


Special Membership Committee Chairman- 
ship 


Due to ill health and physician's advice 
that he must reduce his activities, J. B 
Tinnon regretfully presents his resignation 
as Chairman of the Special Committee on 
Membership Classification 

Action: Upon motion, duly seconded, 
Mr. Tinnon’s resignation as Chairman of 
the Special Committee on Membership 
Classification was regretfully accepted, he 
to be notified with a letter of appreciation 
and regret that his health does not permit 
him to carry on in this activity 


Committee Chairmen Appointments 


Discussion was held upon the require- 
ment of filling the vacant Chairs of the 
Manufacturers Committee and the Special! 
Committee on Membership Classification. 
It was decided that the filling of these 
Chairs would require further consideration 
and exploration. 

Action: Upon motion, duly seconded, 
the President was authorized to submit his 
selections for Chairmenship of these Com- 
mittees to the Board of Directors by letter 
ballot or to the Executive Committee, it 
the urgency requires and if that Commit- 


Tue WeLbpING JoURNAL 


ig 

AY 

Ingenious Fi 
~ 

ra NO MORE BURNED OUT 
ae CUTTING VALVE SEATS 
NO MORE COSTLY 
ars 
1.3 

vents reverse flow of 

S ock-fire burned out seats 
ing tip in any direc- 
—— tion even while flame 
needed. Finger. 
\ keep gases 

; seporated 
in exclusive Gmit reech proper 
| | lutely ploce for 
pre-mixin 

ichievemen an Flexible insert 

| eliminate pr in back-end of 

1 with bu 1 the bly prevents 

Equipment illustrated gen, 
ng Torch Body with 
‘ bly: Rugged and fu ey ‘ 

ma nten ince and manutacturing. Complete line 

welding tips special purpose tips is avail- 

ov 
<o* 
A 
of fine Well 
A 


If re i i ed i 1 
e When, Where Why and Hoy 


“of Silver Alloy Brazing ~ 


BULLETIN 20 


This 24-page bulletin is a 
“must” for every design and 
production engineer. It gives 
full details about EASY-FLO 
and SIL-FOS—what the alloys 
are—what they do—how to use 
them—also a lot of valuable 
information on joint design, 
heating methods and fast 
production procedures. 
You'll find plenty of meat 
in the illustrations, too. 


TORCH BRAZING 
INSTRUCTIONS 


This bulletin gives full instruc- 
tions for EASY-FLO and 
SIL-FOS alloy brazing with 
gas torches—including fit 

of joint—cleaning—fluxing 
—assembiing—heating— 
applying the alloy—flux 
removal after brazing. 

Ask for the Torch Brazing 
Instruction Bulletin. 
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BULLETIN 14 


This bulletin covers the repair 

of broken broaches, drills, taps, 
band saws, circular saws, form 
cutters and milling cutters 

of all kinds with EASY-FLO. ©O- 
It explains how, with a few 

cents’ worth of EASY-FLO. ° 
valuable tools can be put 

back in service in a jiffy at 

a fraction of the cost 

of replacement. 
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mation and data on the subject in the free 
printed matter below. Copies of one or 
all are yours for the asking. Write for 
them today. 


BULLETIN 17 


This bulletin gives complete 
iastructions for brazing fittings 
to pipe and tubing with 
EASY-FLO and SIL-FOS. It 
tells—how to cut and fit pipe 
and tubing—how to clean 

and flux surfaces to be joined— 
how to support assemblies— 
how to heat—how to clean 
after brazing. It covers the 
making of vertical up, vertical 
down and horizontal joints. 
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BULLETIN l1-A 


This bulletin covers an important 
item in metal working shops 
today—the mounting of ce- 
mented carbide tool tips with 
EASY-FLO No. 3 on lathe and 
milling cutters and other 
carbide tipped tools and parts. 
It explains why EASY-FLO 
No. 3 is recommended for this 
work by leading carbide tip 
manufacturers and covers the 
procedure step-by-step for 
various heating methods. 
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TECHNICAL BULLETINS 


These bulletins are published 
periodically. They contain factual 
technical data and new informa- 
tion about low-temperature 
silver alloy brazing as uncov- 
ered through the Research 

that is carried on continu- 

ally in our laboratories. 

If you would like to receive 
these bulletins as published, 
write and ask us to add your 
name to the Technical Bulletin 
mailing list. 
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tee holds a meeting in the interim between 
now and the next Board meeting. 


Over-All Fund Raising 


Comprehensive discussion was held on 
the over-all problem of obtaining funds for 
conducting the various activities of the 
Sociery as recommended by the various 
Committees and individuals in so far as 
those activities were essential to the wel- 
fare of the Society and the welding indus- 
try. These activities include the obtaining 
of funds for expansion of technical activi- 
ties (this comprehends the automatic re- 
placement of funds which the SocreTy was 
authorized to withdraw from the Reserve 
Fund account to preliminarily finance this 
project); funds for Educational Commit- 
tee activities in both the Vocational (termi- 
nal level) and the Undergraduate (engi- 
neering college) fields; funds for producing 
additional publications, such as the 4th 
Edition of the Welding Handbook, replace- 
ment book for Welding Metallurgy, series of 
books on Welded Design in the various in- 
and books on welding in en- 
gineering colleges; necessary funds, if re- 
quired, for other AWS Headquarters’ 
housing; and other activities essential to 
the welfare of the Socrery and industry. 
In cross discussion, it was observed that it 
might be advisable to appoint executives 
of the welding equipment manufacturers 
and other organizations to an AWS Fund 
Raising Committee or organization. In 
further discussion, it was observed, partic- 
ularly by Mr. Sieger, that this was a 


dustry fields, 


matter that should receive the attention of 
the Manufacturers Committee in that that 
Committee, at the Board meeting on Oct. 
18, 1951, was authorized to interest itself 
in all activities of the AMerIcaAN WELDING 
Society. It was further proposed that 
perhaps instead of the Socrery asking di- 
rectly for funds, that fund raising should 
be tied in with Sustaining Membership. 
The Secretary pointed out that this was 
proposed before in connection with the 
technical activities’ fund-raising activity 
as originally contemplated, but that the 
Board of Directors, at that time, stated a 
preference for direct solicitation for contri- 
butions rather than on the basis of Sus- 
taining Membership. The Secretary also 
observed that the Special Committee on 
Membership Classification was requested 
by the Executive Committee, as approved 
by the Board of Directors, to consider and 
submit a plan for changing the present 
“Individual” type of Sustaining Member- 
ship to a “Company” or “Organization” 
type of Sustaining Membership, as it was 
felt that in this manner industry would be 
better represented through membership in 
the Soctery and would be in a position to 
subseribe to Sustaining Membership on 
the basis of dues higher than the present 
$150 per unit pattern, It was agreed by 
all that this program should receive the at- 
tention of the Manufacturers Committee 
and it was proposed that as soon as the 
President appointed a Chairman of the 
Manufacturers Committee, as early as pos- 
sible, the President should request the 
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When you need welding supplies in a vt. 8 
BURDOX. Complete stocks of industrial gases, welding 
equipment and safety equipment are carried to meet 
emergency requirements. One call delivers all your needs. 


tHe BURDETT oxyGEN COMPANY 


3333 LAKESIDE AVENUE 


CLEVELAND 14, OHIO 


Branches in Akron, Cincinnati, Columbus, Dayton, 
Mansfield, Ohio and in Los Angeles, California. 


Welding & Cutting Equipt. & Machines 

Industrial Gases * Goggles & Helmets 

Soldering & Brozing Outfits * Hose & 

Cable * Rod & Fluxes * Cylinder Trucks 
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Chairman of the Manufacturers Commit- 
tee to call a meeting of that Committee so 
that the need for a fund-raising program 
could be submitted to them and their opin- 
ions and cooperation secured. 

Action: (a) Upon motion, duly sec- 
onded, it was voted that the President 
make early appointment of Chairman of 
the Manufacturers Committee. 

(6) Upon motion, duly seconded, it was 
voted that a special meeting of the Manu- 
facturers Committee be called, with Of- 
ficers of the Socrery present, for the pur- 
pose of acquainting the Manufacturers 
Committee with the problem in hand. 

(c) Upon motion, duly seconded, it was 
voted that the manufacturers Committee 
submit recommendations as to whether 
that Committee should take over this ac- 
tivity, or whether a Special Committee be 
appointed which would be composed of 
officers representing all welding equipment 
manufacturing or other companies 
Weldment Specifications 

Upon completion of the business on the 
agenda, in response to the Chairman’s call 
for New Business, L. C. Bibber advised the 
Board that as of January 29th an ASTM 
Committee, or Subcommittee, is scheduled 
to meet in Philadelphia, its agenda includ- 
ing an item—‘Should ASTM write 
cifieation for weldments,’’—or equal in- 
tent. Mr. Bibber stated that such was 
the business of AWS and not ASTM; that 
AWS should have strong TAC representa- 
tion at the meeting, preferably more than 
one person, for the specific purpose of op- 
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ARC-DRIVE CONTROL 
for} D-C Rectifier Welder 


sp to arc-load changes 
eee y 
+++Reduced arc blow 
..-Completely adjustable by operator 
Westinghouse RA Welders with new 
positive arc-drive control now prevent 
shorting when used on “drag” welding 
applications. In addition, they allow com- 
plete penetration on root passes of vertical 
and overhead welds. Arc-drive control is 
obtained by adjusting the ratio of short- 
circuit current to welding current without 
changing open-circuit voltage. Actual 
amount of arc-drive current can be varied 
by the operator. 

For information on this improved RA 
Welder or other Westinghouse Welding 
Equipment, write Westinghouse Electric 
Corporation, Dept. DC 85, Welding Divi- 
sion, Buffalo. New York. J-21607-A-1 
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New G-E Welder is Ideal for Fabrication— 
or Repair of Costly Tools, Dies and Molds 


You can now fabricate hard-to-weld metals and repair costly 
tools and dies quickly, easily and economically with the new G-E 
atomic-hydrogen welder! 

Because this new equipment welds by means of fusion in an at 
mosphere of hydrogen, you get clean welds free from contamina 
tion, scale and spatter. You can easily deposit metal of practically 
the same analyses and heat-treating characteristics as the parent 
metal. This makes the atomic-hydrogen welder ideal for repairing 
dies, molds and high-grade machine tools. 

You get clean, high-quality welds on stainless steel, nickel, 
molybdenum alloy steels and other hard-to-weld metals without 
flux, which makes the atomic-hydrogen welder an excellent tool for 
the production welding of such materials. 


Features ‘‘Hot-start’’ and Silicone Insulation 

To give you quick, dependable arc-starting and maintenance- 
free operation, the new G-E atomic-hydrogen welder is equipped 
with automatic hot-start control and silicone insulation. You save 
on gas and power costs because this improved welder has automatic 
gas shut-off and power-factor capacitors. 

This new welder will handle light-, medium-, and heavy-duty 
jobs because it has a wide current range from 10 to 100 amps. You 
can easily change from the high or low range by means of a switch. 


See Your Authorized G-E Welding Distributor for all details on 
the new atomic-hydrogen welder. He also carries a complete line of 
AC, DC, and Inert-Arc welders, electrodes and accessories. You 
can find his name by looking for General Electric under ‘‘Welding 
Equipment”’ in the yellow pages of your telephone directory. Or 
write for bulletin GEC-598A to Section 711-23, General Electric 
Company, Schenectady 5, N. Y. 711-23 
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Price Cut *200 on Atomic- 


YOU SAVE GAS because this solenoid valve on the 
atomic-hydrogen welder shuts gas off automatically 


THIS $1600 DIE was saved from the scrap heap by a 
$40 repair job with a G-E atomic-hydrogen welder 


NATIONAL CYLINDER GAS COMPANY 

840 N. Michigan Ave., Chicago 11, Hl. 

Rush me catalog and price list on REGO Outfits and Apparatus, 
fo. welding and cutting 
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Ee Rugged, performance-proved GX Welding Torch 


Typical of REGO quality is this widely preferred Welding Torch. 
Stronger than steel, lighter than brass, the unique GX handle has no 
tubes, screws or soldered joints. Stainless steel head further guaran- 
tees long life. Four handle lengths and a broad variety of free-flow 
mixers and tips fit the GX to any welding job, regardless of size. 


Dependable, gas-saving KX Cutting Torch 


Thousands of industrial plants, scrap yards, railroads and shops 
have relied exclusively on this torch for years. Stainless steel head 
and triangular tube construction make the KX tough and durable. 
Diaphragm-type valve prevents leaks, provides sensitive control. 
Tip-mixing stops flash-backs. Available with lever on bottom or 
side, and with 75° or 90° heads. 


Precise, balanced-action Two-Stage RegOlator 


The regulator that has won fame for accurate delivery of all types of 
industrial gases! Its two stages combine stem-type and nozzle-type 
design to assure delivery of unvarying working pressures. Running 
back and forth from work to regulators for adjustments is elimi- 
nated. A point-by-point comparison will quickly establish the excel- 
lence of the REGO RegOlator. 


Redesigned, improved REGO Economizer 


This time-proven money-saver is even more efficient now. New 90° 
lever permits welding torch to hang with tip toward pilot flame. New 
pilot is aspirator type, providing longer and more stable flame. To 
relight the torch at its previous flame setting, just lift from lever 
hook ; to extinguish, replace on hook. This is the automatic shut-off 
that has saved innumerable hours of welding production time. 
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EVERYTHING FOR WELDING 
NATIONAL CYLINDER GAS COMPANY 


Executive Offices : 840 North Michigan Avenue 
Chicago 11, Illinois 
*T. M. of the B. B. Co., Chicago 
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Case Hardened threads are 
1. always protected from weld 
spatter and never exposed to damage 
in open or closed position. 

The clamp body is cut 
2. solid plate, thereby insuring ex- 
treme rigidity and giving great re- 
sistance to bending or twisting. 

Heat treated chrome molybde- 
3. num alloy handle 
resistance to bending. 

23 stock sizes 
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posing any move by ASTM to include such 
activity in their program. The Secretary 
advised the Board and Mr. Bibber that 
immediately following the Secretary's re- 
ceipt of the same information, such having 
been transmitted to him by Mr. Bibber by 
telephone about eight days previous to this 
he wrote the Chairman of TAC, 
Mr. Bibber’s and 
opinion, and endorsing Mr. Bibber's opin- 


meeting 
relaying information 
ion, with copy to Mr. Greenberg, Techni- 
Further, that Mr. Green- 
berg planned to attend the stated ASTM 
meeting 


cal Secretary 


In the Board discussion following, all 
Board members present expressed agree- 
ment with Mr. Bibber Further 
sion disclosed that all members 
were of the firm opinion that preparation 
and weld- 
ments was the business of the AWS Tech- 
nical Activities Committee. Accordingly, 
the following action was taken: 


discus- 
present 


Issuance ol specifications for 


l pon motion, duly seconded, it 
was voted that the Board of Directors di- 
rect the Technical Activities Committee to 
include the 


Action 


preparation and issuance of 
weldment specifications in its program; to 
provide adequate AWS Technical Activi- 
ties Committee representation at the Janu- 
ary 29th meeting of the specific ASTM 
Committee involved; and to inform the 
ASTM and that 
dealing with specifications for weldments 
are, properly, activities of the AMERICAN 
WELDING Society 


its committee projects 


Membership Status Report 
The 


Assistant Secretary distributed a 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE 


A Division of Air Reduction Co., Inc. 


COMPANY 


membership status comparative report 
Dee. 31, 1950, vs. Dec. 31, 1951, to the at- 
tending members. It indicates an im- 


provement in both active members and 
total registration over a comparable date 
Active 


7248 


one year previous on the basis of 
6280 vs. 6776; Total Registration 
vs. 7633; Delinquents—968 vs. 857 
W. Roberts, Chairman of the Washing- 
ton Section, announced that the Washing- 
ton Section Officers extended a cordial in- 
vitation to the National Officers and Board 
of Directors to attend the dinner and eve- 
ning activities of the Washington Section 
being guests of the Section, giving time, 


place and arrangements for transporta- 
tion. The Chairman expressed the appre- 
ciation of the Officers and the Board of 
Directors and 

Board 
could remain over for the evening activi- 


ties, 


Acceptance was prov ided 


by those members attending who 


Bound Volume 1951 


Bound Volumes of THe WELDING 
JouRNAL for the year 1951 are available in 
black imitation 
with a comprehensive subject and authors 
index 

This volume, comprising a total of 1156 
pages in the JouRNAL and an additional 
624 pages In the Welding Research Supple 


leather covers, together 


Price $15, including postage 


ment, represents a veritable encyclopedia of 


information in the welding field. Copies 
may be ordered through the AMERICAN 
WELDING Society, 33 W. 39th St., New 


York 18, N. Y. 


New York 17, N.Y. 
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Claussen Joins Carbide Labs. 


Dr. Gerard E. Claussen has recently be- 
come connected with the Union Carbide 
and Carbon Research Laboratories in Niag- 
ara Falls, N. Y. From 1942 to date Dr. 
Claussen was metallurgist for the Reid- 
Avery Co. in Baltimore. Previous to that 
he was metallurgist with the Machlett 
Laboratories, Inc. From 1936 to 1940 
Dr. Claussen was Research Assistant with 
the Welding Research Committee, now 
known as the Welding Research Council. 
In association with W. Spraragen he sum- 
marized information on most of the im- 
portant phases of welding in nearly sixty 
critical digests of the literature. He also as 
sisted the late H. M. Hobart in the operation 
of the University Research Committee. 
Dr. Claussen was co-author with Prof, O. H. 
Ilenry on the first edition of “Welding 
Metallurgy’ published by the AMERICAN 
WeELpING Society. During this period Dr. 
Claussen was an instructor in Metallurgy 
at the Evening School, Polytechnic In- 
stitute of Brooklyn. 

Allof his friends in the AMERICAN W ELD- 
ING Society and the Welding Research 
Council wish “Doe” every success in his 
new connection. 


D. D. Spoor Appointed Manager 


Dale LD. Spoor, former chief of the In- 
dustries Branch of the Metalworking 
Equipment Division of NPA, has been 
appointed manager of Airco’s Equipment 
and Process Sales Department it was an- 
nounced by H. F. Henriques, Vice-Presi- 
dent, Air Reduction Sales Co., a Division 
of Air Reduction Co., Ine. 

Mr. Spoor received his degree in Engi- 
neering Administration from Massachu- 
setts Institute of Technology in 1922 and 
began his career in the welding industry 
with the construction of an oxygen plant in 
California in 1928. He served in various 
capacities in the Airco organization includ- 
ing an assignment in Washington and in 
1941 became manager of the St. Louis dis- 
trict. In 1948 he was appointed manager 
of the newly formed Equipment Sales De- 
partment 

In March 1951 Mr. Spoor was granted a 
leave of absence from Airco to organize 
the Welding Equipment Section of the 
Machinery Division of the National Pro- 
duction Authority, and in November 1951 
he was appointed chief of the Industries 
Branch of the Metalworking Equipment 
Division of NPA. > 

With his tour of duty at NPA com- 
pleted, Mr. Spoor has returned to Airco to 
head a new department which includes 
equipment sales, are welding sales, process 
development and general technical sales, 
with headquarters at 60 EF. 42nd St., New 
York City. 


Poethig Serving 
on Safety Committee 


Robert E. Poethig, Director of Research, 
The Bastian-Blessing Co. of Chicago has 
been appointed to the National Fire 
Protection Association Committee on 
Gases as representative of the Liquefied 
Petroleum Gas Association. This com- 
mittee is the final authority in the es- 
tablishment of the safety standards for the 
gas industries. 

The chairman of the Committee on 
Gases under whom Mr. Poethig will serve, 
is Mr. H. E. Newell, assistant chief engi- 
neer of the National Board of Fire Under- 
writers. The N.B.F.U. also publishes and 
gives wide distribution to the various 
safety standards. 

Since this committee is concerned with 
all types of gases, Mr. Poethig’s great 
wealth of experience in the field of com- 
pressed gases as well as the LP-Gases 
should prove particularly valuable. He 
has been and still is active in the Liquefied 
Petroleum Gas Association, the Com- 
pressed Gas Association, the American 
Petroleum Institute and the AMERICAN 
WELDING Soctery, being director of the 
L.P.G.A. and chairman of the Safety De- 
vice Committee of C.G.A. 


OBITUARY 


Otis L. Smith 


Otis L. Smith, President of Weldit, 
Inec., Detroit, Mich., died at his desk on 
January 28th. He collapsed from a heart 
attack and almost immediately passed 
away. 

Otis Smith was a welding pioneer, hav- 
ing spent over 35 vears in the industry. 
His original company was the Weldit 
Acetylene Co., established in 1918, at 
638 Bagley Ave., in Detroit. In 1946 he 
built a new plant at 990 Oakman Blvd., in 
Detroit. He developed many welding 
products, notably the Weldimatic torch 
and the Weldit Gasaver. 

He was very active in fraternal and civie 
life, being a member of several organiza- 
tions including the American WELDING 
Socrery. 


Henry Booth 


Henry Booth, sixty, Vice-President and 
Director of Shawinigan Products Corp., 
died on February 4th, while attending 
a luncheon at the 7Ist Regiment Armory, 
New York City. 

Mr. Booth was associated with calcium 
carbide sales for over 35 years. He en- 
tered the field as a salesman for Fairbanks 


Personnel 


Morse Co. who, at the time had the 
sales agency for Canadian carbide in the 
United States. As Fairbanks Morse only 
handled carbide sales from their New 
York office, a Canada Carbide Sales Co. 
was formed with head offices in this 
city to handle sales west of Pittsburgh. 
Mr. Booth was sent to Chicago to open a 
small office in their name, where he 
operated from 1917 to 1920. 

In 1920 the Shawinigan Products Corp. 
took over these sales activities. From 1920 
to 1940 Mr. Booth was Sales Manager 
From 1940 to his death he was Vice-Presi- 
dent. He was elected to the Board of 
Directors in 1929. 

Mr. Booth was very active in the In- 
ternational Acetylene Association. He was 
President of this organization for two 
terms, 1940-42, a Director from 1942 to 
1948, and Chairman of the Executive 
Committee since 1947. Also he served on 
many committees of the Compressed Gas 
Association and was similarly active in the 
AMERICAN WELDING Socrery. 

A resident of Westport, Conn., for 30 
vears, he served for a time as President of 
that city’s Chamber of Commerce. He is 
survived by his wife Mrs. Ava Booth, a 
son Henry and a daughter, Mary. 


Charles Frantz 


Charles F. Frantz, Chief Estimator for 
Lehigh Structural Steel Co., Allentown, 
Pa., died unexpectedly on January 17th 
at his home, 3118 Oxford Circle 

He was born in Lancaster, but lived in 
Allentown for the last 30 vears, entering 
employment with Lehigh in November 
1921 as a draftsman. In 1935 he was 
made a squad leader in the estimating de- 
partment and became chief estimator in 
1937. 

Mr. Frantz had previously been em- 
ployed by the American Steel Co. and 
worked for some time in Cuba. Later he 
worked in the designing department of 
Lancaster Iron Works and Bethlehem 
Contracting Co. 

He was a member of the AMERICAN 
WeELbDING Society, Industrial Club, the 
Chamber of Commerce, the Franklin Fire 
Co. and the Professional Engineers Club 

He is survived by his wife, Mrs. Sarah 
Frantz; his father, Daniel Frantz 
Jack Leiblev Frantz; two grandchildren 
and two sisters. 
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Phillip Kearney 


Phillip Kearney died on Dec, 29, 1951, 
at the age of seventy-five. Mr. Kearney 


founded the K and G Welding and 
Cutting Co. (now the K-G_ Equip- 
ment Co.) in 1914. He was presi- 


dent of the business he founded until 1947 
when he sold his intetest in the organization 


and retired. He was President of the 
International Acetylene Association in 
1934-35 and a Director from 1935 to 
1039 


Ben L. Wise 


Ben L. Wise, 47-vear-old Director of Pro- 
duction, and a Director of National Electric 
Welding Machines Co., died Friday even- 
ing, February 15th, at Merey Hospital, 
Bay City, Mich., after suffering a heart 
attack earlier in the day. A native of 
Greensburg, Pa., he was born Jan. 8, 1905, 
and was presently a resident of Bay City. 

Mr. Wise was a graduate electrical engi- 
neer of Pennsvivania State College. In 


1946 he became associated with National 
Electric as Production Engineer. Before 
that he served as Assistant General Man- 
ager of Federal Machine and Welder Co., 
Warren, Ohio. 


“CADDY” Arc Welding Accessories now 
give you A SOLID COPPER CIRCUIT FROM 
WELDING MACHINE TO ELECTRODE. 


The CADWELD connection used through- 
out the arc welding circuit minimizes the 
voltage drop normally found in mechan- 
ical connections. 


A CADWELD connection takes only 10 
SECONDS and 
. has a tensile strength equal to 77% of the original 
cable. 


2. is not subject to 

3. is a fusion copper weld that cannot be damaged by 
excessive overload. 

\ 4. 


Included in the finest engineered line of arc welding ac- 
cessories on the market today is the “CADDY” Type B 
500 amp. fully insulated electrode holder using Plaskon’s 
reinforced ALKYD insulators. 


is compact and easy to insulate. 


CATALOG ON 
REQUEST 


ee ” 
CADDY arc wetoine accessory division 
ERICO PRODUCTS, INC. + 2070 E. 61st PLACE ¢ CLEVELAND 3, OHIO 


Personnel 


TWECO CABLE 
CONNECTORS 


—"“SOL-CON” (solder type) 
—“MEC-CON” (mechanical) 


Quick-detachable connectors. Add 
on cable. Take off cable. Attach 
holder whip cables. Split male plug 
permits adjusting spring tension for 
electrical contact. Two sizes, Sol- 
Con; three sizes, Mec-Con for #6 
through 4/0 cable. 


Tweco ‘‘Sol-Con” and “Mec-Con’” plugs fit 
the female part of Tweco Terminal connectors 
for quickly connecting cables to rhe welding 
machine and to switch polarity. They are 
COMPANION ITEMS 


Boston at Mosley St. 
WICHITA, KANSAS 


He was a member of the American In- 
stitute of Electrical Engineers, Welding 
Research Council and American Standards 
Association. Also, at one time, he was 
Vice-President of District 4, AMERICAN 
WetpineG Socrety. In 1949 he was elected 
President of the Resistance Welder Manu- 
facturers Association, and in 1950 he was 
named Chairman of the association's 
Advisory Board. He was, in addition, 
a member of Tau Beta Pi, honorary engi- 
neering fraternity, and of the Atomic 
Energy Commission in World War II 

Mr. Wise is survived by his widow, 
Margaret, his mother and six brothers 


Veterans of F 
pi 
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VEW PRODUCTS 


Hard Facing 
Electrodes and Rods 


A new line of hard-facing electrodes and 
acetylene welding rods is announced by 
Metal & Thermit Corp., N. Y. The 
new electrodes, recently added to the 
Murex line, include rods for extreme abra- 
sion, medium and heavy impact, severe 
shock, high red hardness, and extreme 
In addition 
there is a new Murex tungsten-carbide rod 


heat and corrosion resistance 


which provides an exceptionally slag-free 
deposit, allowing all residue to be readily 
cleaned away by wire brushing 
tive literature may be obtained by writing 
to the company at 100 E. 42nd St., New 
York 17, N 


Deserip- 


Low Temperature 
Brazing Flux for Titanium 


Handy & Harman of 82 Fulton St 
N. Y., N. Y. announces the development 
of a special brazing flux for use in the 
joining of titanium and zirconium, and 
their alloys 
wet the titanium which is protected by 
the flux. 

Although titanium and zirconium form 
brittle compounds with most metals and 
alloys that may be used for brazing, the 
embrittlement may be minimized by rapid 
heating and limiting the time at brazing 
temperature 
perature brazing alloys are preferred. The 
lower temperature also minimizes oxygen 
and nitrogen contamination of the titan- 
ium. Tensile strengths of 45,000 to 50,000 
psi. are obtained with butt joints in com- 
mercially pure titanium. Lap joint test 
specimens may break outside the joint if 
the lap is more than three times the thick- 
ness. Heating may be done with either 
oxyacetylene torch or furnace; ordinary 
brazing technique is used 

This new flux is being produced at the 
Handy & Harman laboratory from reagent 
grade chemicals and is available in one- 
half pound jars. It is cailed Special Handy 
Flux for Titanium. 


Silver brazing alloys readily 


For this reason, low tem- 


Sealer 


An aluminum-colored ‘‘weld-through” 
sealer originally used in auto manufactur- 
ing has now been made available to indus- 
try generally by the Adhesives and Coat- 
ings division of Minnesota Mining and 
Manufacturing Co., Detroit 2, Mich 

The sealer is applied to faying surfaces 
before spot welding, thus eliminating the 
need for a sealing operation after welding 
It does not interfere with the welding 
operation 


AprIL 1952 


The sealer is a heavy pastelike material 
that has ‘“‘the unusual property of resisting 
the heat and pressure of welding without 
splattering or burning,” the 3M company 
pointed out. It is soft enough to uni- 
formly squeeze away from the bottom weld 
when electrode pressure is applied, with- 
out flowing away excessively 

Auto manufacturers use the material to 
seal the spot-welded joint between the 
roof and side panels, to seal along drip 
moldings, and to seal the joint between the 
ret 


r quarter panel and the wheel housing 


The sealer shuts out air, dust and mois- 


ture, withstands paint oven temperatures 
up to 475° F., is not brittle at 10° F 
does not support combustion and pro- 
tects metal from corrosion It is applied 
with a hand calking gun or pressure ex- 
truding equipment, or can be applied in 
small quantities with a scraper or putty 
knife 

Technical data sheets and small samples 
are available on request 


Acetylene Compressor for 
Cylinder Filling Plants 


The Sight Feed Generator Co., West 
Alexandria, Ohio, has developed a specially 
designed acetylene compressor for cylinder 
filling plants, according to new literature 
the company now has ready for distribu- 
tion 

The compressor unit is to be known as 
the Mo k ] M-1”’ and will be a“ compone nt 
part of the company’s complet 
Sight Feed’s medium 
pressure Model A-Twin Continuous Flow 


acetylene 
compressing plants 


Generator supplic s acetvlene to the com- 
pressor without necessity for gus holders, 
which simplifies both installation and 
operation of acetylene filling plants 

The “M-1" is a four-cylinder, three- 
stage compressor subme rged in water for 
maintaining the acetylene coo] at all times 
during the compressing period. In con- 
junction with the compressor, Sight Feed 
has designed a fore-cooler, an inter-cooler 
between each stage of compression an lan 
after-cooler to assure the lowest possible 
acetylene temperature in each of the three 


Vew Products 


stages of compression. Integral parts of 
these coolers are condensation and oil 
traps for continuous and effective removal 
of impurities, moisture and oil for each 
cooling coil in the compressor 

As a result of using four evlinders and 
more complete removal of heat and con- 
densation from the acetylene before, dur- 
ing and immediately after compression, 
efficiency and safety of the compressor are 
greatly increased 

Additional features of the unit include 
light-weight construction and simplicity in 
operation 


Steel Stools 


These sturdy steel stools that will stand 
up under abuse and yet are designed for 
seating comfort, are available in five 
heights and 80 models. They may be had 
with steel or pressed wood seats. Adjust 
able steel backs also are available 


These steel stools are manufactured by 
Lyon Metal Products, Inc., with general 
offices in Aurora, Ill., and manufacturing 
plants in York, Pa., and Aurora, II, 

Some of the outstanding features of the 
Lyon steel stools are large, comfortable 
square seats with rounded corners; all 
welded, nonbreakable construction; round 
edge steel band legs—no rough edges to 
snag or tear clothing strong channel 
brace, uniform distance below seat, pro- 
viding comfortable foot rest; legs tapering 
out to Insure against tipping, 


Aluminum Brazing Alley 


A. E. Ulmann & Associates, Ltd., New 
York City, 
Brazinal for brazing aluminum and its 
alloys, without fluxes 
Brazinal are as follows 
880° F 
Bhn. 80 


These salient features are claimed for 


announces & hew product 


The properties of 
Melting point 
tensile strength 45,000 psi 


the Brazinal process 

1) Replacement of high-temperature 
welding with simple equipment and un- 
skilled labor 2) elimination of corrosive 
fluxes; (3) elimination of joint cleaning 
after brazing 


4) no gi 


anic corrosion 


with Brazinal’s carefully balanced alloy 
composition; (5) excellent corrosion re- 
sistance in salt spray test in acid conditions 
and in high humidity atmospheres; (6) 
minimizing of warpage which occurs in 
higher temperature processes; (7) elimi- 
nation of preheating in many cases; (8) 
joining of thin sheets, thickness as low 
as 0.004 in. have been joined; (9) ease of 
application independent of shape or size; 
(10 speed and low cost. 

Brazinal is available in triangular rod 
in several sizes. The rod is supplied in 
lengths of 12, 15and 18in. For additional 
information, write to A. E. Ulimann & 
Associates, Ltd., 342 Madison Ave., New 
York 17, N 


New Clamp 


A newly perfected and patented princi- 
ple in clamping, has been recently intro- 
duced by the Centinela Industrial Supply 
Co., 11930 Inglewood Ave., Hawthorne, 
Calit 


The new unit, trade-named the Saxton 
Clamp, is case hardened and, according to 
its manufacturer, combines the best 
features and strength of a standard drop 
forged “C” clamp and a_ toolmaker’s 
parallel clamp. 

One added feature of the Saxton Clamp, 
it is reported, is the three different 


grippling faces which are built into the 
clamp to accommodate all types of holding 
jobs. A single clamp may be used for 
rough welding, general assembly, fast pro- 
duction or delicate tool and die work. The 
new unit is available in five different 
sizes——1'/,, 3, 6, 9 and 12 in. 


Gouging and Chamfering 


Electrode 


A new electrode designed for gouging, 
chamfering, cleaning and partial milling 
operations on any metal or alloy has been 
announced by Eutectic Welding Alloys 
Corp., Flushing, N. Y. 

Important time savings are claimed by 
the manufacturer since the new product, 
“ChamferTrode,” it is claimed, speeds up 
fabricating of armor plate and similar 
difficult-to-cut alloys. 

The newly developed ““ChamferTrode” 
features a heavy coating which forms a 
cone at the striking end of the electrode, 
providing a natural jet effect are. Thus 
an intense, concentrated source of heat is 
created which readily removes unwanted 
metal of all types so swiftly, according to 
the manufacturer, that the metal, itself, 
remains relatively cool. 

The surface of the gouged or chamfered 
material that has been acted upon by 
“ChamferTrode” is said to be free from 
oxidation and slag, thereby providing a 
clean surface for later brazing or welding 
operations which may be desired. 

Regular d.-c. welding machines are used 
as the power source. The new chamfering 
electrode requires no auxiliary oxygen, no 
special gases, no air or other special equip- 
ment. 

Further details, technical specifications, 
ete. may be obtained by writing the 
manufacturer: Eutectic Welding Alloys 
Corp., Dept. P, 172nd St. at Northern 
Blvd., Flushing 58, N. Y. 


Hand Pyrometer 


A new General Electric hand pyrometer 
is now available. Known as Type FH-1, 
it has two seale ranges for the rapid and 
convenient measurement of surface, liquid, 
gas and molten metals temperatures. 


Three interchangeable tips available for the 
FH-1, include a surface tip, an immersion 
tip for liquids and molten metals, and s 
two-pronged contact tip. Typical applica- 
tions include temperature checks of plastic 
molds, metals used in die casting, and pre- 
heated metals for welding. Additional in- 
formation may be obtained by writing to 
General Electric Co,, Schenectady 5, N.Y 


Insulated Electrode Holder 


A fully insulated holder, the Caddy 
Type B 500 amp., has been placed on the 
market by Erico Products, Inc., Cleveland 
3, Ohio. According to the manufacturer, 
this holder is lighter in weight, only 25 0z., 
more efficient and cooler operating than 
conventional electrode holder. 


Other features are: (1) No mechanical 
connections; (2) the cable gripper at the 
rear of the steel body prevents any flexing 
at the weld and eliminates the need of in- 
sulating the connection; (3) the insulators 
are made of the New Plaskon reinforced 
Alkyd and (4) adjustable spring tension. 


QUALIFICATION of 


Main Laboratories 


UNITED STATES 
TESTING COMPANY, INC. 


INSPECTION and TESTING of | k3a 
Welding and Weldments 


Procedures and Operators 


Hoboken, N. J. 
Beston - Chicage - New York - Philadelphia - Providence 


structural frame. 


WELDING CONNECTORS 


These widely used units eliminate all hole punching, and, with 
welding, produce the most economical, safe, and quickly erected 


Write for 1951 edition, Structural Welding Practice Manvel. 
J. H. WILLIAMS & CO. 
Buffalo 7, N. Y. 


AIR REDUCTION CANADA, LTD. 
Montreal 2, Canade 


Saxe Welding Connection Units position 
and secure structural parts to be welded. 


Clip K3A permits an adjustable connec- 
tion. 
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INCENTIVE-INSPIRED CO-ACTION IN DEVELOPING POSSIBILITIES 


LINCOLN PLANT CREATED BY 


NEw 


PROPER DESIGN 
IN WELDED STEEL 
ALWAYS IMPROVES PRODUCT 
AND LOWERS COST 


Is stronger... 


weight with gray iron 


id. 


Heavier 
added to handling costs in shop, in ship- 


ping and final installation. 
greater selling appea 


Fig. 1. Original Construction. Required 
41% more metal than present welded steel 
more rigi 


Fig. 2. Present Weldesign in Steel. Saves 
50% on cost. Has better appearance 


design. 
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available to designers and engineers. Write on your letterhead to Dept. 


THE LINCOLN ELECTRIC COMPANY 


Machine Design Sheets ore 


CLEVELAND 17, OHIO 


The World’s Largest Manufacturer of Arc Welding Equipm 


ent 
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Difficult Welding Problems 


Baltimore, Md.—Alan G. Hogaboom, 
AWS, Bethlehem Steel Co., Shipbuilding 
Division, Quincy, Mass., gave a very good 
talk at the February 15th meeting of the 
Maryland Section, on some of the problems 
encountered in welding the hulls and ma- 
chinery components of various types of 
ships. Mr. Hogaboom pointed out the 
main considerations in shipbuilding are 
quality, speed, efficiency and the welding 
of special materials. Warpage and crack- 
ing are two of the main problems en- 
countered, His talk was illustrated with 
slides showing practical examples of prob- 
lems and their solution, Mr. Hoga- 
boom spoke of the difficulty encountered 
with the warpage of the hull and deck 
plates and the methods developed for 
straightening them and reducing the ini- 
tial distortion. A great deal of interest 
and discussion was aroused on the best 
methods to be employed when welding 
eracks in cast iron. 

\s an after-dinner feature two motion 
pictures were shown through the courtesy 
of the Baltimore and Ohio Railroad and 
the Association of American Railroads. 
These were “Roaring Rails’ and ‘The 
Railroad and Defense.”’ 


Weld Metal 


Bethlehem, Pa.-R. T. Breymeier, 
AWS, Union Carbide and Carbon Research 
Laboratories, Niagara Falls, N. Y., was 
an interesting speaker at the February 
ith meeting of the Lehigh Valley Section 
held at the Hotel Bethlehem. Mr. Brey- 
meier showed colored high-speed motion 
pictures of the action of the weld metal in 
the welding are gap for various materials, 
welding currents and inert gases. He also 
showed and explained numerous slides of 
graphs which depicted the physical charac- 
teristics of the weld metal under varying 
welding conditions. 


Welding Machines 


Bethlehem, Pa. The annual joint meet- 
ing of the Lehigh Valley Section and the 
local chapter of the ASCE on March 3rd 
started with dinner at the Hotel Bethlehem 
with approximately 40 members present. 
The coffee speaker was L. Hauser, AWS, of 
Pitts- 
who spoke on the comparative 


the Westinghouse Electric Corp., 
burgh 
safety of a.-e. and d.-e. welding machines. 

At 8:00 P.M. J. O. Bickel, Principal As- 
sociate of Parsons, Brinckenhoff, Hall and 
Mac Donald, spoke and showed slides con- 
cerning the Elizabeth River Tunnel. The 
tunnel is 3350 ft. long with a 22-ft. wide 
roadway in a®/\«-in. thick, 35-ft. diameter 
shell with permanent concrete 
forms outside the shell. There were seven 
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as relayed to C. M. O’Leary 


sections approximately 300 ft. long pre- 
fabricated at Bethlehem Steel, Sparrows 
Point, Md., the ends sealed and then towed 
to the construction site. 

A trench was dredged in the river bot- 
tom, the tubes floated over the trench, ac- 
curately located and sunk by pouring con- 
crete in the permanent forms welded on the 
outside of the shells. 

This $17,000,000 project of bridge and 
tunnel between Norfolk and Portsmouth, 
Va., is scheduled for completion in June 
1952, 

George Murphy, resident engineer for 
the same engineering firm, showed and 
commented on color films taken during the 
construction. 


Welding Stainless Steels 


Boston, Mass.——The January 4th meet- 
ing of the Boston Section had the largest 
attendance of the season with 113 at din- 
ner and 148 present at the technical session 
both of which were held in the Campus 
Room, Graduate House at M.IL.T. After 
dinner 22 students from the night class in 
welding at Wentworth Institute in Boston 
came to hear the technical speaker, who 
was G. FE. Linnert, AWS, Research Weld- 
ing Metallurgist, Armco Steel Corp., 
Baltimore. Mr. Linnert gave a fine talk 
on the problems encountered in welding 
stainless steels, and the meeting was very 
instruetive. Mr. Linnert is a co-author 
of the second edition of the book published 
by the Amertcan WELDING Socrery en- 
titled “Welding Metallurgy.” 

The coffee speaker, Irwin Noyes Gould, 
gave a very interesting account of the 
management of political campaigns. Mr. 
Gould is a Sales Promotional Adviser on 
Product Sales and Market Development, 
and he has also been employed in “Pro- 
moting the Politician’’ which was the sub- 
ject of his talk. 


Welded Steel Structures 


Boston, Mass. — A joint meeting with the 
Structural Section of the Boston Society 
of Civil Engineers was held on February 
lith by the Boston Section in the Campus 
Room of the Graduate House, M.ILT. A 
cocktail and social hour preceded a very 
fine dinner. 

Ernest Adams, District Vice-President 
of District No. 1 made his official visit to 
the Boston Section and was the first after- 
dinner speaker. Frank A. Cundair, Chair- 
man of the Structural Section of the 
Roston Society of Civil Engineers, also 
gave a short talk, followed by George 
King, the coffee speaker, who told about 
the good work the Union Rescue Mission, 
of which he is Superintendent, is doing in 
rehabilitating men in a slum section of 
Boston, called “Skid Row.” Mr. King, 
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who was originally a foreman at Hood 
Rubber Co., Watertown, Mass., has long 
done social welfare work, and in 1950 he 
joined the Union Rescue Mission as a full 
time worker. He had a very interesting 
story to tell and after the meeting a fine 
donation was contributed by the members 
present to help him carry on his good work 

The technical speaker, Van Rensselaer 
P. Saxe, Structural Designer of Baltimore, 
gave a fine account of his contribution to 
the advancement of welding in the fabrica- 
tion and erection of steel structures, 


Weldability 


Buffalo, N. Y.-R. EF. Somers, AWS, of 
the Bethlehem Laboratories of Bethlehem 
Steel Co., Bethlehem, Pa., addressed the 
Niagara Frontier Section February 28th 
meeting of a group of 106, on the subject 
“Weldability of Steel.” The talk was 
given at the Supervisory Force Social 
Club of the Bethlehem Steel Co. and dealt 
with research and methods interesting to 
the executive, the engineer and the pro- 
duction departments. Prior to the dinner 
held at the same place as the meeting, 
plant visit was made at the Bethlehem 
Steel Co.'s new strip mill which is located 
in Lackawanna (near Buffalo), 
gots are rolled out to 54-in. widths and 
plate rolling is conducted both on hot and 
cold sheets. The hot sheets travel at a 
speed of 25 to 30 miles and cold sheets at 
50 to 60 miles per hour. 
were “eye openers”’ to many of the visitors 
who had not theretofore realized the high 
speed of strip mill operation. The visit 
started at 2:30 P.M. and lasted until 5:30 
P.M. 


where in- 


These speeds 


Get-Together 


Chicago, Ill.—The Program Committee 
and the Board of Directors of the Chicago 
Section decided to have one good fellow- 
ship evening with no technical speaker and 
the December meeting, held on the I4th, 
was selected. 

The speaker, Edward McFaul, lived up 
to all expectations, but the Chicago 
weatherman did not. One of the nastiest 
and stormiest evenings of the winter took 
place. With 120 reservations, 99 brave 
souls defied the tempest to enjoy one of 
the most pleasant evenings the Chicago 
Section has had in a long time. 

Cocktails were served from 5:45 P.M., 
with dinner at 7:00 P.M. Following din- 
ner, Edward McFaul gave one of his 
humorous talks on “So You Think You 
Are Slipping,”’ which was thoroughly en- 
joyed by all, 

Following the speaker the bar was 
again opened and the balance of the eve- 
ning was spent in solving all of the worldly 
and local problems. 
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A good time was had by all as evidenced 
by the fact that the lights had to be 
blinked many times to remind a very large 
percentage of those attending that they 
had to go home as the club wished to lock 
up. 

Actually and seriously this meeting had 
one very beneficial effect. It enabled 99 
people to get better acquainted with 98 
other people than the usual type of meet- 
ing affords 

The consensus of opinion was that this 
type of meeting is desirable on a limited 
scale and plans were made to have the May 
meeting of the same general type only sub- 
stituting a technical speaker as the speaker 
of the evening. 

The May meeting will be held on May 
18th. 


Design of Welded Piping 


Chicago, Ill.-The largest attendance 
of this season heard a most interesting and 
informative talk on “Design of Welded 
Piping” given by Frank 8. G. Williams of 
the Taylor Forge & Pipe Works, at the 
January 18th meeting of the Chicago Sec- 
tion held in the Auditorium of the Peoples 
Gas Light & Coke Co. One hundred and 
present at the meeting; 53 
had dinner at Burke's Grill and Restau- 
rant. 

A film “Fur and Feathers in Alaska and 
Salt Water Wonderland” was also very 
well received. 


seven were 


Annual Ladies Night 


Cleveland, Ohio.The annual Ladies 
Night Meeting of the Cleveland Section 
was held on February 13th in the Ball 
Room of the Allerton Hotel with an at- 
tendance of 170. A fashion show was put 
on by Franklin Simon & Co., Shaker 
Square. Each lady was presented with a 
corsage and a small bottle of perfume. A 
drawing was made for 10 door prizes and 
ladies 


the main door prize—a Gruen 


watch \ buffet luncheon was served at 
10:00 P.M. and the meeting adjourned at 
11:00 P.M. This was a lovely party anda 


huge success 


Structural Steel Welding 


Dallas, Tex.—An attendance of over 
fifty were benefited by the information 
given by LaMotte Grover, AWS, of the 
Air Reduction Sales Co., New York, on the 


subject, “Structural Steel Welding” at the 
January 23rd meeting of the Dallas Seec- 
tion held in the Lone Star Gas Co. Audi- 


torium. 
Refreshments were served at the con- 
clusion of the technical session 


Nondestructive Testing 


Dallas, Tex.—-A joint meeting of the 
Dallas Section with the ASME, ASM, 
ASTE and ASTM was held on February 
13th in the Lone Star Gas Co. Auditorium 
with an attendance of 142. Carl Betz, 
AWS, 
flux Corp., Chicago, gave a semitechnical 
illustrated talk on ‘Some Aspects of Non- 
destructive Testing.” 


Executive Vice-President, Magna- 


1952 


Design of Weldments 


Dayton, Ohio.—Earl Obringer, AWS, 
The Lincoln Electric 
Co., described the basic outline and think- 
ing behind their new entitled 
“Weldesign”’ at the February 12th meet- 
ing of the Dayton Section held in the 
Victor Emmanuel Library Auditorium of 
the University of Dayton. Mr. Obringer’s 
remarks were primarily concerned with 
the welding of mild carbon steel He 
stressed the importance of confidence in a 


design engineer tor 


course 


process and gave several examples ot the 
large margin of safety the designer has 
in welded joints. Also the fact that, in 
mild steel welding, operator technique is 
not too important from the standpoint ot 
ultimate strength 

Designs for strength and designs for 
rigidity were described from the basis of 
reducing the amount of welding to a mini- 
mum, 

Following the talk on ‘“Weldesign’’ Mr 
Obringer described the Lincoln Electric 
Incentive and Bonus System A lively 
question-and-answer period followed this 
portion ot the talk 

Because of the general interest in the 
AIEEE and ASME were in- 
vited to join in this meeting 

The meeting 
versity cafeteria for doughnuts and ‘cof- 


subject, the 
adjourned to the Uni- 


fee 


Present-Day Welding 


Denver, Colo.—-A full and entertaining 
meeting was held by the Colorado Section 
on January 14th at the Oxford Hotel, this 
city. Coffee speaker was F. L. Waugh of 
the Colorado State Game & Fish Dept 
Mr. Waugh gave a short talk 
a movie, entitled 
through the courtesv of the State Game & 
Fish Dept. Both were good 

Julius Heuschkel, AWS, of the Westing- 


house Electric Corp., gave an extempo- 


and showed 


Sunrise Serenade, 


raneous talk on present-day welding as ap- 
plied to industry and welding in American 
Heuschkel’s 


talk was technical and covered methods, 


engineering education Mr 


applic ations and processes 


Ladies Night 


Ladies Night was the 
February meeting of the 
Colorado Section held on the 12th at the 
Oxford Hotel, with an attendance of 55 

AWS, of the 
this city 


Denver, Colo. 
feature of the 


Herman Geller, Stearns 
Roger Mig. Co., was the coffee 
speaker His subject, What Welding 
Means to the Home Owner and House- 
wile,’’ was good 

Speaker at the meeting was Dr. David 
Bayless of Boys, Inc. Dr. Bayless gave an 
extemporaneous talk on ‘“Togetherliness” 
w hich was also good 

\ 16-mm. film, “ 
Heaven, 
of the Sheridan Brewing Co. of Sheridan, 
Wyo 

This was the first Ladies Night for the 
Colorado Section and it proved very suc- 


\ Stone's Throw from 
was shown through the courtesy 


cessful 
have an annual Ladies Night hereafter 


The Section will no doubt plan to 
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.-othat’s why AMPCO WELD* 
Resistance Welding Dies 
Save You Time and Money 

Just think — when you 


order “‘cast-to-shape,” 
“cast-to-size” AMPCO 
WELD dies, they come 
to you with tolerances of 
minus 0, +42” or plus 
, There's no machining, no 
ie loss. All you have to do is just 
t in the cap-screw holes — and 
rother, you're in production. 


You also get longer runs and lower 
costs, because these dies are made of 
alloys with high physical properties 
that meet or exceed RWMaA specifi- 
cations, If you're interested in longer 
runs for your money, place your order 
now for AMPCO WELD “cast-to- 
size” dies, 


and Ampco Engineering Service 
when you need it 


Behind the famous AMPCO WELD 
line of resistance-welding products is 
a corps of emperionena engineers, 
ready to help you solve your prob- 
lems. Prompt service from these men 
is yours whenever you need it. Just 
get in touch with us, 


Ampco Metal, Inc. 


Dept. Wi-4, Milwaukee 46, Wis. 
West Coast Pient: 
Calitermia 


It's production Ampere! 


Reg. U. S. Pot. 


Conference on Electric Welding 


Detroit, Mich.The Third Conference 
on Eleetrie Welding sponsored by the 
AIEE in cooperation with the Detroit 
Section and the Industrial Electrical Engi- 
neers’ Society of Detroit will be held on 
Apr. 16, 17 and 18, 1952, at the Engineer- 
ing Society of Detroit, 100 Farnsworth, 
Small Auditorium. 

The subject “AIEE Third National 
Welding Conference’ will feature tech- 
nical papers providing the newest de- 
velopments in are and resistance welding, 
exchange of information with equipment 
manufacturers, ultimate 
users, actual demonstrations of new ma- 
chines and new techniques. 

The Demonstration Sessions will be held 
on Thursday and Friday. On Thursday 
from 5:30 to 10:00 P.M., admission will be 
by badge only. On Friday, the same time 
will be open to members and guests of co- 
operating societies. The demonstration 
sessions will provide exhibit of the latest 
electronic controls for all types of resist- 
ance-welding machines and are welders, 
and live demonstrations will be given of 
several types of welders using these con- 
trols 
Technical sessions covering all aspects of 
resistance welding and are welding are 
scheduled and will be invaluable to all. 


research and 


Ladies Night Party 


Detroit, Mich..-On Saturday evening, 
May 17th, the Detroit Section will present 
its annual Ladies Night Party. The party 
will be held at the Latin Quarter, location 
of the 1951 party. The evening will con- 
sist of dinner, music, entertainment and 
dancing and, of course, the usual assort- 
ment of lovely door prizes, to be given to 
the lucky number ladies. The liquor 
situation will be the same as it was last 
year—bring your own—-set-ups will be 
sold. 

Because of an overlap of reservations 
last vear, the policy this year will be to 
print 650 tickets and sell them through the 
mail order system. Each order will be re- 
turned with a recorded set of ticket num- 
bers to the purchaser. This transaction 
will automatically reserve a table under 
the purchaser's name for the ticket num- 
bers sold to him. The ticket number 
holders must sit at the purchaser's table 
and no place else. So, get your parties to- 
gether early and order your tickets early 
(tables seat from six up). Remember 
only 650 tickets; first come—first served! 


Plant Visit 


Ft. Wayne, Ind.-The February 15th 
meeting of the Anthony Wayne Section 
was in the form of a plant visit to the 
Marion Machine, Foundry and Supply 
Co., Marion, Ind. 

The gathering of 63 formed into groups 
and the guides took them through the 
plate fabrication, machine shop and 
foundry, where they were pleased to see 
the many different weldments, the machin- 
ing operations and foundry work. They 
were also set up and doing powder cutting 
of stainless steel which was very interest- 
ing. 
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The Section was greatly appreciative of 
this gesture and were extremely happy to 
have a plant in this area which is so co- 
operative. 


Resistance Welding Aluminum 


Grand Rapids, Mich.—‘‘Welding Alu- 
minum with Single- and Three-Phase 
Machines’ was the subject presented by 
J. F. Deffenbaugh, AWS, of the Federal 
Machine and Welder Co., Warren, Ohio, 
at the February 25th meeting of the 
Western Michigan Section held at the Elks 
Club Cafeteria, this city. Mr. Deffen- 
baugh’'s subject was of vital interest to 
welding engineers and operators due to 
increased war work on aluminum in and 
around Grand Rapids. 

Mr. Deffenbaugh received his education 
at the University of Miami and also the 
University of Wisconsin, and was then em- 
ployed by the Ohio Public Service Co. as 
Distribution Engineer, from 1935 until 
1945. He then became associated with the 
Federal Machine & Welder Co., as Chief 
Electrical Engineer, the position he now 
holds. 

Mr. Deffenbaugh is Chairman of the 
RWMA Electrical Committee, Secretary 
of the National AIEE Electric Welding 
Society. For several years he was in- 
structor for the Extension Division of the 
Case Institute of Applied Science, teach- 
ing a.-c. and d.-c. theory. 

Chuck DeShane, former Detroit Lions 
Football Star, gave a very interesting talk 
on the operations of the Lions from a 
players standpoint. He also showed a 
sound film covering the high lights of the 
twelve 1951 games, narrated by Harry 
Wismer, noted football announcer. In- 
terest was keen on this subject and may 
well lead to an annual football night, by 
bringing in a noted player or coach. 

This was one of the most interesting 
meetings of the season, which was shown 
by the attendance and many questions 
asked. 

Sixty-six members and guests registered 
for the dinner and were joined by fifteen 
more for the entertainment and technical 
session. 


Valentine Meeting 


Hartford, Conn.—Since the regular 
February meeting night of the Hartford 
Section fell on St. Valentine's Day, it was 
decided to make it a real Valentine Meet- 
ing—for the women as well as the men. 
This proved to be an excellent idea. 

There was no technical discussion ex- 
cept for a brief talk by District Vice- 
President V. P. Adams on AWS activi- 
ties. Instead, three most interesting films, 
all in color and sound, were shown. 

They were: “United 6534" which 
showed what goes on behind the scenes 
in a modern airline, how the airplanes are 
dispatched, serviced, handled and con- 
trolled in the air and on the ground; 
“Pasadena Tournament of Roses’’—the 
annual event in California in all its beauty 
and color; and ‘“‘Round South America’’— 
a beautiful film of the mild sunny climate 
of South America. 
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In addition, the Section was lucky to 
have the services of Major Walter C. Sage 
of the Hartford Times Travel Bureau, 
who gave a running commentary on the 
films which were loaned through the cour- 
tesy of the United Air Lines and the Hart- 
ford Times Travel Bureau. 

Souvenirs were given to the ladies. 

The meeting was held at the Rockledge 
Country Club, West Hartford. 


Inspection Tour 


Houston, Tex.——-A highly successful in- 
spection tour by the Houston Section of 
the plant of the Hughes Tool Co. took 
place on February 21st with an attendance 


of 182, 


Symposium 


Houston, Tex.—Tentative plans have 
been completed by the Houston Section to 
sponsor a “Structural Steel Design, Fab- 
rication, Erection and Inspection Syvm- 
posium” to be held in Cullen Auditorium 
at the University of Houston on May 
15th. 

The design of structural steel for welding 
will be presented in a paper by Barney 
Myers of the Robert J. Cummins Con- 
sulting Engineering firm of Houston 

The shop fabrication of structural steel 
for welding will be presented by Hubert 
Crick, AWS, of the Mosher Steel Co. 

The erection of welded steel buildings 
will be presented by Homer Peterson of 
Peterson Bros., structural steel erectors of 
Houston. 

The inspection of welded structural 
steel buildings will be presented by W. H. 
Greer, AWS, of the Southwestern Labora- 
tories in Houston, 

All of these firms have been pioneers in 
the welding of structural steel. The in- 
dividuals of these firms are imminently 
qualified to discuss their 
branches of this construction field. 

Invitations to the Symposium will be 
sent to all the colleges and universities in 
this area and to the Oklahoma sections. 
The State Highway Depts. are expected to 
be represented as well as the leading con- 
sulting engineering firms in the State. 

The Houston Section extends an invita- 
tion through this announcement in Tue 
We JouRNAL to all members of the 
AWS to attend. The meeting will start at 
7:30 PLM. 


respective 


Annual Holiday Party 


Indianapolis, Ind.—The roof of the 
Severin Hotel was taken over for the An- 
nual Holiday Party given for members of 
the Indiana Section, their ladies, guests 
and children, on December 28th. 

Following an excellent dinner, Master of 
Ceremonies Wally Nehrling and magician 
Duke Stearns (both local talent) pro- 
vided a very lively and entertaining pro- 
gram. Liberal door prizes were awarded 
and gifts distributed among the children 
Program Committee consisted of Chair- 
man Paul Grubbs, Jim Neff, Doug Lowe 
and Ott Wilhelm. 
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new, “three-material” 
inspection method. Accurate 
... dependable . . . easy-to-use. 


chek=spek 


“Two-material” production line 
inspection method... non-flammable 


* 


*Penetrant flash point — 140° F. 
*Developer flash point — 180° F. 


THESE JOBS ARE BEING DONE 

«by Dy-Chek and Chek-Spek 
Location of flaws or defects in 
metals before or after any process- 
ing operation. You can locate 
porosity, pin holes or lack of fusion 
in welds; porosity or cracks in 
castings; cracks or laps in forgings; 
grinding cracks in machined parts; 
welding cracks in rolled parts; 
porosity and leaks in pressure 
vessels; heat-treating cracks; fatigue 
and stress cracks; and porosity or 
cracks in fired ceramics. 


LEADING 


Aprit 1952 


INDUSTRIAL 


Turco Cuemists, assigned the job of improving 
Dy-Chek in 1951, have now established penetrant 
inspection standards of efficiency and safety. 
With the partners, Dy-Chek—the completely 
flexible inspection process, and Chek-Spek—the 
high volume process, the widest range of your 
production inspection needs are served. 


Since these two processes introduce physical 
chemistry into inspection methods, they must be 
(1) competently produced by a chemicals firm 
and (2) production supervised for uniformity by 
a long-established, highly trained staff of 
chemists. With either Dy-Chek or Chek-Spek, you 
can rest assured that Turco chemists have done 
their job well. Both processes are safe, accurate, 


reliable and inexpensive. 


Is high-volume inspection critical to_your 
production? Then ask about Chek-Spek... 
America’s most inexpensive production-line 
inspection method. Used in conjunction with 
vapor degreasers, Chek-Spek permits accurate 
evaluation of an almost unlimited number of 
inspections per hour. Write-on your own letter- 
head for complete information. 


Re-working of defective parts is always accomplished 


economically and efficiently with use of Dy-Chek and 


Chek-Spek. Positive indication of extent, nature and exact 
location of flaws is still visibly apparent at the re-work 


location. 


WRITE TO 


DY-CHEK DEPARTMENT 


PRODUCTS, INC. 
6135 So. Central Ave. 
Los Angeles 1, Calif. 


2) 


MISTS 


FOR 25 YEARS 
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Welding Equipment 


Indianapolis, A joint presentation 
by J. F. Salatin and O. D. Etchison of 
Deleo-Remy Div., G.M.C., Anderson, 
Ind., and members of the local AWS sec- 
tion, on “Maintenance of High-Speed 
Welding Equipment” was made at the 
January 25th meeting of the /ndiana Sec- 
tion held at The Athenaeum. Welding ex- 
perience over a two-year period and meth- 
ods insuring minimum downtime were 
covered 

A 16-mm. film, “Pigs to Product,’ was 
shown after the meeting. 


Plant Tour 


Kansas City, Mo. — A plant tour through 
the Buick, Oldsmobile, Pontiac Assembly 
Division of General Motors, Kansas City, 
Kan., including the automotive manufac- 
ture from the body shop to the final as- 
sembly, was held on February 21st by the 
Kansas City Section. 

Rex Dyer of the B-O-P Assembly Div. 
arranged the tour which lasted approxi- 
mately two hours and was open to mem- 
bers and sponsor members only. 


Welding in Shipyards 


Long Beach, Calif.-The regular 
monthly meeting of the Long Beach Sec- 
tion was held on February 15th at Millers 
Cafe Ron H. Davis, AWS, Welding 
Engineer, Long Beach Naval Shipyard, 
gave an excellent talk on ‘Welding Proe- 
esses Used in Naval Shipyards.” Mr. 
Davis is well qualified to talk on the 
subject as he has been associated with 
welding in the Navy since 1919, 

The speaker traced the progress of weld- 
ing since shortly after the first World War 
up to the present time, and explained the 
solution of many welding problems 

The Executive Committee met on the 
following Tuesday, the 19th, and the ac- 
companying picture was taken at that 
time. 

The members of the Executive Com- 
mittee shown in the picture are: Rear 
row—J. J. Carl, Fred Silk, Ben Laughlin, 
Paul Anderson, Frank Pope. Middle row 

Tommy Lewis, Howard Epperheimer, 
©. B. Bowers. Front row—Carlos 
Redding, Paul Treosti, Mel Teeter and 
Ray Davenport. 


Low-Cost Welded Fabrication 


Los Angeles, Calif..-Franklin R. 
Drahos, AWS, metallurgist for Byron 


Jackson Co., this city, was the speaker at 
the February 21st meeting of the Los 
Angeles Section held at Scully's Cafe, with 
an attendance of 65 at dinner and 80 at the 
meeting. His talk on ‘Flexibility of De- 
sign for Low-Cost Welded Fabrication” 
covered the welding of high-tensile, heat- 
resistant and corrosion-resistant alloys as 
they are used in the fabrication of cen- 
trifugal pumps. Byron Jackson uses low- 
alloy steels, stainless steels, Hastelloy, 
Monel, Inconel and other materials in 
various combinations for their weldments. 

Mr. Drahos stressed the importance of 
striving to obtain proper chemical com- 
position in the weld metal, commensurate 
with the properties of the parts being 
welded. With the assistance of slides he 
described how unique designs are made 
possible by welded fabrication. He 
pointed out the importance of controls on 
filler metal, joint design, welding pro- 
cedure and operator qualification. 

The group was shown the various stages 
in the fabrication of six large centrifugal 
pumps for the Grand Coulee Project. 
These mammoth pumps have a 14-ft. sue- 
tion and a 12-ft. discharge. They pump 
700,000 gal. per minute and require 65,000- 
hp. motors to drive them. The volute case 
consists of four central castings welded to- 
gether and surrounded by welded sections 
of truncated cones. 

Mr. Drahos has been a member of the 
AWS for about five years. He serves on 
the executive committee of the Los An- 
geles Section He is also a member of the 
American Society for Metals. His engi- 
neering training includes both the Uni- 
versity of Iowa and the University of 
Southern California. 


Warpage and Distortion 


Louisville, Ky.— The Louisville Seetion 
had the pleasure of hearing H. 8. Sayre, 
AWS, Welding Engineer, U. S. Naval 
Engineering Experiment Station, An- 
napolis, Md., give a talk on ““‘Warpage and 
Distortion” at the February 26th meet- 
ing. 

Mr. Sayre handled this difficult subject 
in a manner that made it possible for all to 
readily understand this complex problem. 

The Section is continuing its buffet din- 
ner which has proved very popular. 

The meeting closed with a motion pic- 
ture “On The Track” which showed the 
development of railroads through the 
ages. 


Meeting Dates 


Milwaukee, Wis... The April meeting 


Members, Executive committee, Long Beach Section 
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of the Milwaukee Section will be held on 
the 25th. 

The Annual Party will be held on May 
24th. 


Are Welding Electrodes 


Milwaukee, Wis.-‘‘Characteristics of 
Are Welding Electrodes” was the subject 
presented by Eller B. Lutes, AWS, Di- 
rector of Production, Arerods Corp., 
Sparrows Point, Md., at the regular 
monthly dinner meeting of the Milwaukee 
Section held on February 22nd at the Am- 
bassador Hotel. This is a difficult type of 
subject to present in general discussion 
and was well done by Mr. Lutes. Supple- 
mented with slides of actual welding ap- 
plications he covered the field on the basis 
of AWS classification, operating charac- 
teristics, geometry of deposits, mechanical 
properties and their effeets on particular 
applications. His wide experience in the 
welding and electrode field resulted in a 
fine question-and-answer session at the 
conclusion of his leeture. 

The after-dinner program featured 
Edwin Olson of Bloedels Jewelers, Mil- 
waukee. Mr. Olson is a member of the 
American Gem Society and is a Certified 
Gemologist. His excellent talk and spar- 
kling table full of diamonds, rare gems, cut 
stones and minerals was most enthu- 
siastically received. So many questions 
were asked of Mr. Olson that it was quite 
late before the technical speaker could lec- 
ture. 


Welding Marine Turbines 


New York, N. Y.—N. L. Mochel, AWS, 
Westinghouse Electric Corp., Steam Tur- 
bine Div., Philadelphia, Pa., gave an ex- 
cellent presentation on “Welding in Ma- 
rine Turbines” at the regular monthly din- 
ner meeting of the New York Section held 
at Schwartz's Restaurant on February 
19th. 

Mr. Mochel is a native of Pittsburgh, 
and during his entire career he has been 
connected with Westinghouse, first with 
the old Westinghouse Machine Co. and 
later with the Westinghouse Electric and 
Manufacturing Co. At present he holds 
the position of Manager of the Metal- 
lurgical Engineering Dept. and Consulting 
Engineer. 

For many years, Mr. Mochel’s activities 
have been connected with the Steam Divi- 
sion, and thus he is extremely capable to 
present the above subject. 

This meeting was also a joint meeting 
with the Society of Naval Architects and 
Marine Engineers. Mr. Mochel’s topic 
was not only of interest to the members of 
the Naval Architects, but it also was of im- 
portance to welding engineers. 

An attendance of 115 were present at 
dinner and 135 at the technical session, 
which was in charge of A. M. Setapen, 
AWS, Handy & Harman, New York. 


Weekly Lectures 


New York, N. Y.—Six weekly lectures 
on “‘How to Weld the Engineering Metals” 
given by outstanding authorities in their 
fields, on the highly important subject of 
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The New Kaptrode Electrode with 
Kaptrode Shanks Adapter: This small 
cap type electrode inserts into semi- 
permanent shank, forming an assembly 
to fit any standard Morse taper holder 
of corresponding taper size. 
@ COPPER SAVINGS—75% and more 
with wide-spread, careful use. 

@ ELECTRODE COST SAVINGS— 
20° and up in ordinary shop operations; 
careful operators save as high as 50% 
@ INVENTORY SAVINGS— 30% and 
up; only small supply of shanks needed; 
electrodes are interchangeable; one 

shank outlasts ten or more tips. 
@ TIME SAVINGS—electrodes quickly, 
easily inserted and removed. 
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welding the various common engineering 
metals and alloys, were started on Mar. 
24, 1952, under the sponsorship of the 
New York Section. Each lecture will 
cover in a practical and detailed fashion 
the welding of one group of materials and 
will include information on: What elec- 
trodes to use; the best joint designs and 
preparation; Preheating and postheating 
requirements, and welding procedures. 

A Certificate of Completion of the course 
will be awarded based on satisfactory at- 
tendance. 

The lectures are being held on six 
Monday evenings in the Auditorium, 13th 
floor, Consolidated Edison Co., Ine., 4 
Irving Place, New York City. The entire 
series of six lectures is $5.00 to members 
and $10 to nonmembers. 

The last lecture will be held on April 
28th. 


Social 


New York, N. Y.-May 9th is the date 
of this year’s annual stag smoker put on by 
the New York Section at the Building 
Trades Club. A good show, fine dinner 
and lots of fun are promised for all. 


Professional Engineers 
Exhibition 
New York, N. Y.— All members of the 
New York Section have been invited to at- 
tend the Professional Engineers Exhibition 
at the Hotel New Yorker on May 1, 2 and 
3. 


Magnetic Particle Testing 


Oklahoma City, Okla.—C. FE. Betz, 
AWS, Executive Vice-Pres., Magnaflux 
Corp., Chicago, was the speaker at the 
February 12th meeting of the Oklahoma 
City Section held at the Hoof to Horn 
Restaurant and attended by 47 members 
and guests. 

Mr. Betz gave a very interesting and 
enlightening talk on magnetic particle 
testing in industry, touching on and dis- 
cussing the relative values of other non- 
destructive testing processes. 

The bouquet of the month goes to 
Marion Funk, AWS, of the Halliburton 
Oilwell Cementing Co., Duncan, Okla., 
who drives over one hundred miles to at- 
tend the Oklahoma City Section meetings 
and seldom misses a meeting. 


Low-Hydrogen Electrodes 


Pascagoula, Miss. ‘‘Low-Hydrogen 
Electrodes’’ was the subject of an excellent 
talk given by C. A. Young, Jr., AWS, 
Welding Engineer, General Electric Co., 
Welding Div., Macon, Ga., at the Febru- 
ary 6th meeting of the Pascagoula Sec- 
tion. Mr. Young's address was semi- 
technical in nature and covered research, 
methods and applications and was of 
general interest to all. 


High-Temperature Piping 
Peoria, Ill. 


Vice-President, 


E. R. Seabloom, AWS 2nd 
Supervisor Field Engi- 


Section News and Events 


neering, The Crane Co. of Chicago, pre- 
sented a talk on the subject, “Welding of 
Carbon and Alloy Steels for High Tem- 
perature Service,’ at the February 20th 
meeting of the Peoria Section. Mr. 
Seabloom’s talk was on the practical side 
of the subject and proved to be very in- 
teresting and educational. It was well 
illustrated by the use of slides, 

The discussion period at the end of the 
talk was well participated in by the 
audience. 

The meeting was held at the Sazarac 
Restaurant where 61 members enjoyed 
the dinner and meeting. 

The April dinner meeting of this Sec- 
tion will be held on the 16th; the May 
meeting to be held on the 21st will be a 
business meeting. 


Coming Events 


Philadelphia, Pa.—The Apri! 21st meet- 
ing of the Philadelphia Section will be a 
“Battle of the Sections’ with the New 
York, New Jersey and Baltimore Sections 
competing for prizes. 

The Annual Dinner Dance of this See- 
tion will be held on May 17th. 


New Steels 


Gunnette, 
American 
Seattle, 
“New Steels as Viewed by 


Portland, Ore.Elmer 
AWS, representative for the 
Institute of Steel Construction, 
gave a talk on 
Welding and the Construction Indus- 
tries’’ at the dinner meeting of the Portland 
Section held on February 26th in the Mal- 
lory Hotel, this city. 

Mr. Gunnette outlined the different 
codes applying to steel today. This was a 
very instructive discussion as it brought 
out that one code, such as the A57, applies 
to the physical characteristics of steel such 
as tensile strength, elongation, ete., 
whereas the AISI and SAE codes are for 
the chemical characteristics of steel. The 
importance of carbon content not exceed- 
ing 0.3 was brought out also. 

Different types of low-alloy high-tensile 
steel made from the AR242 specification 
were also mentioned with the value as to 
weldability. 


Welding Clinic 


Richmond, Va.—J. M. 
melt Manager, Eastern Region of the 
Linde Air Products Co., gave a very good 
lecture with high-speed movie film show- 
ing methods of welding aluminum, etc., at 
the February 21st meeting of the Rich- 
mond Section. 

The Richmond Section has secured the 
C.A.P. Hangar at the Byrd Airport for the 
“Welding Clinie’”’ it will put on shortly 
This exhibition will show the various 
machines and processes used in welding, 
and also a film will be shown. A good 
representation of welders, welding equip- 
ment and other process machinery is ex- 
pected, 


Tippett, Union- 


Nonferrous Metals 


Rochester, N. Y.—Warren V. Water- 
bury, AWS, Research and Development 
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EuTectic WELDING 


CONTRIBUTIONS TO 


ALLOYS CORPORATION 


PRIZE COMPETITION 


AND 


PROGRAM OF AWARDS 


FOR 
THE ART OF WELDING 


; Category A: Category B: 
AWARD ( First Prize $500. 3 First Prizes $100. each 
FUND: joenat Prize . $300. 4 Second Prizes$ 50. each 

* (Third Prize $200. 20 Third Prizes $ 25. each 


OPEN TO Engineers, Metallurgists, Researchers, Instruc- 
* tors, Welders, Students, and all others qualified. 


FOR ( Category A: Category B: 
PAPERS { WELDING ENGINEER. PRACTICAL WEL 
ON: ING & THEORY APPLICATIONS 


Covering technological and research aspects, procedures 
DING and applications of the use of lower melting (lower than 
parent) filler metals in the non-fusion welding processes. 


The Jury and Committee of Awards: 
1. Dr. Robert Humphrey, Vice Chairman American Society for Metals 

2. Prof. Otto H. Henry, Dept. of Metallurgy, Polytechnic Institute of Brooklyn 
3. Dr. Th. I. Leston, Vice President, Eutectic Welding Alloys Corporation 


1. The program is open to all persons qualified to present 
basic principle, theory or the results of practical research 
and application in the field of non-fusion “lower melting 
temperature” filler metals in welding, except employees of 
Eutectic Welding Alloys Corporation, its advertising agen- 
cies and members of their families. 
2. Participants may submit welding papers on one or more 
of the following subjects: 
(a) Oxy-acetylene, low melting filler 
(b) Oxy-fuel gas, low melting filler 
(c) Brazing and bronze welding 
(d) Silver alloy filler metals 
(e) Soldering filler metals 
(f) Hard facing and resurfacing with a low melting 
filler 
(g) Lower melting filler metals for metallic arc, inert 
arc and carbon are applications 


The welding applications may be torch, furnace. induction, 
carbon arc, inert arc or metallic arc. 


3. Papers must consist of not less than 1000 words, exclu- 
sive of drawings, specifications, tables, etc. 


RULES: 


Write for entry blank and helpful suggestions on the preparation of papers 


4. Manuscripts should be typed in English, double spaced 
on 8'2"x11" white paper, with any tables, charts or draw- 
ings on separate sheets. 


5. Papers should be confined specifically to the fields de- 
fined above and may be documented with photographs, 
charts, drawings, tables or test data. 


6. All papers must be the original, previously unpublished 
work of the participant and must bear his name, address 
and business or professional connection. 


7. Papers will be judged by the Jury and Committee of 
Awards on the basis of the merit of the theory or practice 
presented. Decisions of the judges will be final. All entries 
and ideas therein become the property of Eutectic Welding 
Alloys Corporation, and none will be returned. 


8. The competition opens October Ist, 1951 and closes 
June 30th, 1952 midnight. All entries must be postmarked 
on or before that date. 


9. Winners of awards will be notified by mail within 
approximately 60 days after the close of the competition. 
Complete list of winners will be sent to all participants 
requesting it. 


Papers should be submitted to: 
Prize Competition and 
Program of Awards, 


Two “Georgia Tech” 
men win EUTECTIC’S 
1950 competition 
J. M. MARTIN 


(right) and L. 
Ramsey (below) 


EUTECTIC WELDING ALLOYS CORP. 
172nd Street and Northern Bivd., Flushing, New York 
Please send me entry blanks and helpful sugges- 
tions on the preparation of papers for the EUTECTIC 


both of the School of 


EUTECTIC WELDING Chemical "Engineer 
ing, Georgia Insti 
ALLOYS CORPORATION tute of Technology 


shared First Prize in 
last year’s competi- 
tion, heading a list of 
seventeen award 
winners 


172nd Street at Northern Boulevard, 
Flushing 58, New York. 
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Dept., Revere Copper and Brass, Inc., 
Rome, N. Y., was the guest speaker at the 
February meeting of the Rochester Sec- 
tion. 

Mr. Waterbury’s talk consisted 
marily of the different welding processes 
by which copper base nonferrous alloys 
may be satisfactorily joined by welding. 

A question-and-answer period followed 
and many interesting discussions de- 
veloped. 

Prior to the meeting, dinner was served 
to a large group at the Rochester Turners 
Club, followed by a film taken on the 
battlefield in Korea that proved of great 
interest to all. 

The Rochester Section thanks the 
management of Revere Copper and Brass, 
Inc., for making it possible to have Mr. 
Waterbury with them. 


Quiz Program 
Saginaw, Mieh.--A Quiz Program on 
are, gas and resistance welding with 
Godfrey Burrows, AWS, Quiz Program 
Moderator, was held on February Mth 


following a chicken dinner at the 


Zehnder's Hotel, Frankenmuth, Mich., 
by the Saginaw Valley Section. This 
excellent program lasted about eighty 


minutes and was of general interest to all. 
The Saginaw Valley Section is par- 
ticipating, in an advisory capacity, with 
Saginaw Valley Area Engineering and 
Scientific Societies on the problem of the 
serious shortage of engineers. This ac- 
tivity is being encouraged by the North- 
eastern Michigan Section of the ATEE and 
the Joint Engineering Council.  Discus- 
sions are being held toward the end of de- 
veloping interest of high school students 
in engineering; assisting those schools to 
plan their curriculum; working with col- 
lege students; on the problem of improv- 
ing and upgrading graduate or trained 
engineers; as well as interesting engineers 
in civic affairs and the study of municipal 
projects for the benefit of the public. 


Maintenance Welding 


Salt Lake City, Utah...K.M. Spicer, 
AWs, International Nickel Co., New 
York, gave an outstanding talk on ‘‘Main- 
tenance Welding of Cast Lron and Nickel 
Bearing Alloys” before a joint meeting of 
the Salt Lake City Section and the local 
ASM chapter on February 4th at the 
Temple Square Hotel 

Mr. Spicer has been associated with 
General Electric and Babcock and Wilcox 
in their metal fabricating divisions. This 
practical experience began in 1922. He 
joined the Research Division of the Inter- 
national Nickel Co. in 1938. His work 
with this company has required extensive 
travel and a wide field of application of 
welding to light and heavy fabrication in 
the field and in the shop. 

Mr. Spicer’s illustrated talk was of par- 
ticular interest to the group because the in- 
formation was practical and useful in their 
local shop operations. 

Al Boweutt was general chairman and 
Jack Jones, technical chairman. 
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Field Trip 

San Francisco, Calif.After enjoying 
a fried chicken dinner at the San Francisco 
Municipal Airport on January 28th, 91 
members and guests of the San Francisco 
Section were welcomed by the manage- 
ment of the United Air Lines Mainten- 
ance Base, and a short talk on “Welding 
Practices’ was given by Ted Cieszko, 
Engineer. This was followed by a tour as 
guests of United Air Lines of their Main- 
tenance Base which included Welding, 
Engine, Radio, Cabin Sheet Metal, Over- 
haul and Line Service Shops. 


Pipe Line Welding 


San Francisco, Calif.Russell G. 
Rhoades, Welding Engineer, Bechtel Corp. 
San Francisco, explained, at the monthly 
meeting of the San Francisco Section held 
on February 25th, the principles of the 
double and triple ending of large diameter 
pipe by a 100°, automatic welding process 
as laid out for the construction of the 30 
31-in. diameter Trans-Arabia pipe line 
running from the Persian Gulf to the 
Mediterranean, a distance of 1068 miles. 
With some modifications this principle 
has been so successful that it has been used 
for all other similar projects throughout 
the world In connection with Mr. 
Rhoades’s talk a film, “Oil Across Arabia,” 
was shown. This is a 16-mm. color and 
sound film covering the record of engi- 
neering and construction of the above- 
mentioned pipe line. The film related the 
story of setting up a modern pipe welding 
factory in a remote area, half way around 
the world. It was shown through the cour- 
tesy of the Bechtel Corporation. Mr. 
Rhoades pioneered the welding, engineer- 
ing and equipment for the field-welding 
plant shown in the picture “Oil Across 
Arabia.”” Mr. Rhoades discussed many of 
the interesting welding aspects shown in 
the film. 

Richard Finnie, Historian, Bechtel In- 
ternational Corp., produced the film “Oil 
Across Arabia” and as a coffee talk he gave 
the background of this production and also 
related some of his experiences in the mak- 
ing of such a picture 

The discussion period was most en- 
lightening as Mr. Rhoades enjoys an out- 
standing reputation as an authority in this 
field. 


This was an excellent meeting. 


Toughness in Welds 
South Bend, Ind.-At the regular 


monthly dinner meeting of the Michiana 
Section held on February 21st at the Air- 
port Restaurant, this city, Austin Hiller, 
AWS, Sales Engineer of the General Elee- 
trie Co., Milwaukee, discussed various 
ramifications of toughness in welds. As 
toughness starts with the metallurgy of 
welding, Mr. Hiller described the metal- 
lurgical factors which influence ductility 
and strength, such as cooling rates (hard- 
ness) and soundness. He then discussed 
the common mild steel electrodes, E6010 
and £6020, and classified them as to their 
various welding and weldability factors. 
These factors included metallurgical con- 
ditions, operating characteristics and elec- 
trical properties. 
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Pipe Line Welding 


Springfield, Mass.——-The best meeting 
of the year of the Western Massachusetts 
Section was held on February 7th at 
Blake's Restaurant, this city. J. Parish of 
the Northeastern Gas Transmission Co 
presented a talk and movie on the subject 
“Gas Goes to Market.” Mr. Parish 
talked on pipe-line welding and construc- 
tion procedures. He had some samples of 
actual weld X-ray photographs and 
samples of test coupons showing the type 
of tests used in testing welders for pro- 
ficiency before allowing them to work on 
pipe-line construction. 


Inert Are Welding 


Toledo, Ohio—R. W. Tuthill, 
General Electric Co., Fitchburg, Mass., 
gave a semitechnical talk on the subject 
“Inert-Gas-Shielded Are Welding” at the 
January 17th meeting of the Toledo Sec- 
tion. Mr. Tuthill’s remarks were illus- 
trated with slides. 


Stainless Steel 


Washington, D. C.—-George Linnert, 
AWS, Armeo Steel Co., Rustless Div., 
Baltimore, Md., spoke extemporaneously 
at the January 23rd meeting of the Wash- 
ington, D. C., Section held in the audi- 
torium of the Potomac Electric Power Co 
Mr. Linnert’s excellent talk was on the 
subject ‘‘Designing Welded Fabrication of 
Stainless Steel,”’ and was of interest to the 
executive, engineer, operator and produc- 
tion department personnel. 

President Charles H. Jennings spoke 
briefly at the dinner which was held at 
O'Donnell's Restaurant 


Educational 


Wichita, Kan. ‘“‘Present-Day Welding 
in Industry as Related to the Educational 
Program” was the subject of the excellent 
paper presented by Julius Heuschkel, 
AWs, W esting house Electric Corp., East 
Pittsburgh, Pa., at the January 15th 
dinner meeting of the Wichita Section 
Mr. Heuschkel 
welding as applied to industry and related 
modern practices to the requirements of 
the existing engineering educational prob- 
lem. 


discussed present-day 


Cold-Rolled Steel Sheets 


Wichita, Kan.— A joint meeting with the 
Wichita Section of the American Society 
for Metals was held on February 19th by 
the Wichita Section in the Knights of 
Columbus Hall. Technical speaker was 
William C. Northrup of the Granite City 
Steel Co., Granite City, [Il Mr. Northrup 
spoke extemporaneously on the ‘Drawing 
Quality Cold-Rolled Steel Sheets.” 

Mr. Northrup is at present in the De- 
partment of Metallurgy and Inspection, 
Cold Strip, Hot Strip and Tin Mills of the 
Granite City Steel Co. He is a graduate of 
the University of Pittsburgh with a B.S 
Degree in Metallurgy. He was formerly 
connected with the Weirton Steel Co. of 


Weirton, W. Va. 
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Design for Welding 


Worcester, Mass.— John Mikulak, 
AWS, Asst. to Vice-Pres. Mig., Worthing- 
ton Pump & Mchy. Co., Harrison, N. J., 
gave an excellent talk on 
Welding” at the February 27th meeting of 
the Worcester Section held in the Tower 
House 

Prior to Mr 
color Pan 


Design for 


Mikulak’s talk a sound 


American Travelogue was 


shown 
Welding Metallurgy 
York, Pa.—-The revitalization program 


of the York-Central Pa, Section proceeds in 
high gear. Everyone in the Section is en- 
thused, is working hard on programs, and 
Paul L. Stumpf, of the 8. Morgan Smith 
Co., member of the Section’s Board and 
Chairman of the Publicity Committee, is 
doing an excellent job of getting publicity 
both into the York hewspapers und the S 
Morgan Smith Co.'s monthly house 
zine “Turbine Topics The Socrery’s 
sincere appreciation is extended to the 38 
Morgan Smith Co., for their 
and excellent cooperation 


issistance 


Following a very successful plant tour 
of the 8S. Morgan Smith Co.'s facilities in 
November, this Section held a joint meet 
ing with the American Society for Metals, 
combined with a dinner, with 75 to 100 
at dinner and 150 at the technical session, 
on February 13th at the Elmwood Grille 
in York. AWS Chairman Charles Pyle 
\. Sloat pre- 


and ASM Chairman Dr. C 
sided 


February 13th meeting York, Pa., 
Section. From left to right—Richard 
Lee of Alloy Rods, speaker; Dr. C. A. 
Sloat, Professor of Chemistry, Gettys- 
burg Colleg: thairman of ASM; 
Charles H. Pyle, Chairman of 108 


Mr. Richard K. Lee, AWS, addressed 
both the Socrery's Sections on the “Fun- 
damentals of Welding Metallurgy Mr 
Lee is well known in national circles of the 
AWS in view of his vigorous work in the 
national Socrery’s technical activities 
He Is Vice-President nm Charge ol Re- 


il Roberts, ASM, American Chain Co.: 
Sittler, Metailurgist of Arcrods, Baltimore; and Charles H. Pyle 


search and Engineering for the Alloy Rods 
Co. of York and is a graduate of Ohio 
State University Previously he was re- 
search engineer for the Steel and Tube 
Division of the Timken Roller Bearing 
Co. He is a prominent member of the 
Ordnance Advisory Committee on the 
Welding of Armor, as well as of the Are 
Welding Section of the National Elee- 
trical Manufacturers Assn 

In summary Mr. Lee advised that 
Welding Metallurgy is primarily involved 
with rates of heat input, high temperature 
of the are and the extreme speed of the 
metallurgical reactions 

Electrode tip and weld crater comprise 
a miniature high-speed electric furnace 
In less than one second metal from the are 
end of the electrode and alloys from the 
covering are melted, superheated, mixed, 
deoxidized, cast into position and frozen 
This can be compared to the production of 
steel in electric are furnaces in which case 
from two to eight hours are required to 
melt and refine the steel 

The high localized heat input in the 
weld area must. be taken into consideration 
in the development of welding procedures 
and the selection of electrodes. In welding 
mild steel practically no metallurgical 
problems are encountered, since the base 
steel is not hardenabl by heat treatment 
As the hardenability of the steel increases 
more consideration must be given to pre- 
heat, interpass temperature, postheat 
treatment and s¢ lec tion oft the « le trodes 

One of the greater problems in welding 
stainless steels is the carbide precipitation 
control Are high heat input and low 
thermal conductivity of stainless steel com- 
bine to allow the weld area to remain hot 
If not 
controlled, carbide precipitation occurs in 


for an appreciable length of time 


the heat-affected zone of the base steel ad- 
jacent to the weld with resultant lack of 
There are three 
methods to control the carbide precipita- 


corrosion resistance 


tion in stainless steels 

The welded structure may be fully an- 
nealed, which redissolves the carbon. Not 
many stainless weldments can stand being 
heated to 2000° F. and quenched in water 
to accomplish the full anneal Usually 
other preventative measures are used. If 


Richard Lee: Dr. Sloat; Howard L. 


sufficient columbium or titanium is added 
to the steel, stable carbides are formed 
which prevent the carbon from migrating 
to the grain boundaries. Both columbium 
and titanium stabilized stainless steels are 
usually welded with columbium stabilized 
electrodes, since columbium can be effee- 


tively added to the weld metal from the 
electrodes, while titanium is oxidized and 
Another method of con- 
trolling carbide precipitation in stainless 


lost in the are 


steel welding is to remove as much carbon 
as practically possible from the steel 
Steels and electrodes containing 0.03°, 
maximum carbon are available How- 
ever, weldments of the 0.03°7) maximum 
carbon are not recommended for continu- 
ous corrosive service at 800° F. and higher 
since there usually is a very slight amount 
of carbide precipitation which may be det- 
rimental after long time exposure 

This Section is planning a National Ac- 
tivity Night for April and will show a film 
on Applied Welding Engineering provided 
by AWS 
Secretary of the National Soctrery, will 
talk A new plant visit is being planned 
for May. 


Greenberg, Technical 


Panel Discussion 


Youngstown, Ohio.—_On February 28th 
the Mahoning Valley Section had a Panel 
Discussion with the following Panel of Ex- 
perts and Subjects 


C. Strutz, AWS, Oxweld Railway Serv- 
ice Torch Welding and 
Cutting 

O. H. Kuhlke, AWS, General American 
Transportation Submerged Are 
and Inert Are Welding 

L. K. Stringham, AWS, The Lincoln 
Electric Co Manual Are Weld- 
Ing 

I, A. Oehler, AWS, American Welding & 
Mig. Co Resistance Welding 

R. E. Heltzel, AWS, Heltzel Steel Form 
& Iron Co.— Moderator 


Flame 


The dinner and meeting were held in the 
422 Cafe, Warren, Ohio, with 83 at dinner 
and 00 at the meeting 
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NEW LITERATURE 


Elias E. Ries, Inventor 


Elias E. Ries, Inventor, by Estelle H. 
Ries. This book of 369 pages deals with the 
life of one of the great inventors and scien- 
tists of America. It is claimed that Ries 
was first to invent some of the practical 
methods and apparatus for welding. The 
book represents amazing behind-the- 
scene stories of great inventions. It indi- 
cates the tragedies of genius when it comes 
into conflict with big business, absurd 
patent regulations, impossible economic 
situations and certain human pettiness. 

Price $4.75. Published by the Philo- 
sophical Library, New York, N. Y. 


Industrial Work Gloves 


A new S-page, fully illustrated catalog 
No. 52 on industrial work gloves is now 
available from Riehmond Glove Corp., 
tichmond, Ind. This two-color catalog 
contains complete information, including 
description, features, packing and shipping 
weight on 45 types of their Bee Brand 
All leather, leather palm, canton 
flanne! and Jersey gloves are featured. 
For additional information, contact the 
Richmond Glove Corp., 653 North D St., 
Riehmond, Ind. 


gloves 


Surface Conditioner 
for Aluminum 


The Nieleo Laboratories have  an- 
nounced the availability of their Technical 
Data Sheet on ‘“Alum-i-niel”’ 978, an acid 
type of surface conditioner for aluminum 
sheets and extruded metal prior to welding. 
Copies of this data sheet may be obtained 
by writing to Nieleo Laboratories, P. O. 
Box 4708, Detroit 19, Mich. 


Metco News 


The latest issue of the Metco News de- 
scribes, in detail, several metallizing appli- 
cations that save time, money and scarce 
materials. 

One case reported therein is that of a 
manutacturer of printing equipme nt who 
saved 23,000 Ib. of stainless steel in one 
metallizing application 
alone. This company makes a water- 
roller used in the printing presses of can 
manufacturers for printing on tin. Since 
they are used with water, making them 
subject to corrosion, they were formerly 
made of stainless steel—about 40 Ib 
being required for each. With metallizing, 
however, mild steel can be used for the 
base and 0.080 to 0.100 in. of stainless steel 
sprayed on to provide the necessary pro- 
tection against corrosion. They are pre- 
pared by grit blasting and finish ground. 
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Approximately 8 Ib. of stainless steel are 
required for each—saving about 32 lb. 
per roller. The company produces 60 of 
these parts per month. The total savings 
in stainless steel over a year’s time exceed 
11 tons of this critical material. 

Another case is that of a user who re- 
ported saving a 200-Ib. shaft with 19 Ib. 
This 200-lb. impeller 
shaft is used on a small dredge and its 
original 5'/; in.-diameter bearing journal 
had worn down to an average of 4°/, in. 
Nineteen pounds of stainless steel were 
spraved on the worn section, 18"/j in.|g. 
for a finish coating thickness of */, in. 
The spraying operation took only two 
hours. According to this same user, many 
such shafts are reclaimed and put back in 
service the same day. 

Send for your copy of the Metco News, 
Vol. 5, No. 12. Metallizing Engineering 
Co., Inc., 38-14 30th St., Long Island 
City 1, N. Y. 


of stainless steel. 


New LAA Carbide 
Lime Pamphlet 


“Carbide Lime, Its Value and Its Uses,” 
a new publication prepared by the Oxy- 
acetylene Committee of the International 
Acetylene Association, has just been re- 
leased. This 36-page pamphlet gives gen- 
eral information and technical data about 
carbide lime as well as details on potential 
uses in many fields including the chemical 
industry, water softening, sewage dis- 
posal, building and construction, and 
agriculture. Requests for copies should be 
addressed to H. F. Reinhard, Secretary, 
International Acetylene Association, 30 
EF. 42nd St., New York 17, N. Y. 


Saga of the Abrasives Industry 


The Saga of the Abrasives Industry, a 386- 
page book by Muriel F. Collie, has re- 
cently been published under the joint 
sponsorship of the Grinding Wheel Insti- 
tute and The Abrasive Grain Association. 
This book gives a very complete picture of 
the establishment, development and 
growth of the abrasives industry in the 
United States, covering a period ranging 
from the early part of the nineteenth cen- 
tury to the present time. Some of the 
specific discussed are: natural 
abrasives, manufactured abrasives, de- 
velopment of grinding wheels by proc- 
esses, machines and wheels, and role 
plaved by a number of companies within 
the industry Additional information re- 
garding this book may be obtained by 
writing to the Grinding Wheel Institute, 
Greendale, Massachusetts, or to the 
Abrasive Griin Association, 27 Elm 
Street, Worcester 8, Mass. 


topics 


New Literature 


Resistance Welding at Work 


A new issue of Resistance Welding at 
Work (Vol. 3, No. 5) is now available and 
may be obtained by writing to Sciaky 
Bros., Inc., 4915 West 67th Strect, Chi- 
cago 38, Illinois. 


Steel Construction Digest 


The January 1952 issue of Steel Con- 
struction Digest a publication of the 
American Institute of Steel Construction, 
contains several reprints and abstracts of 
articles dealing with welded structural 
framework. The titles of these articles are 
as follows: “All Welded Framework in 
New Department Store,” by F. M. Burt; 
“Designing a Structural Frame for Econ- 
omy,” by E. L. Gardner; “Welded Stee! 
Frame Lightens New Building”; “Stee! 
Welding Cuts Noise, Cost,” by W. H. 
Quirk; and “Field House for Champions,” 
by J. D. Griffiths. Copies of these publica- 
tions may be obtained by writing to the 
American Institute of Steel Construction, 
101 Park Avenue, New York 17, N. Y 


Bulletins on Arc-Welding 
Accessories 


Three new two-color bulletins on are- 
welding accessories have been announced 
as available from the General Electric 
Co., Schenectady 5, N. Y. 

The three illustrated bulletins describe 
recommended protective clothing (GEC- 
867), helmets and glass (GEC-865), 
brushes, carriers, chipping hammers, paint 
and weld-spatter compounds and weld 
gages (GEC-866). In addition to illus- 
trating and describing the equipment, the 
bulletins list specifications, type and cata- 
log numbers for each item. 


Corrosion Testing 


The 1951 ASTM Edgar Marburg Lec- 
ture—Corrosion Testing’’—by Francis L 
LaQue, The International Nickel Co., 
Inc., has just been published in the form of 
a %6-page illustrated booklet. 

This lecture comprises a survey of corro- 
sion-testing programs and methods of 
corrosion testing, many of which have been 
sponsored by the American Society for 
Testing Materials. Mr. LaQue discusses 
the distinction that must be made between 
the corrodibility of a material and the pro- 
tective value of its corrosion products and 
how these are influenced by both the com- 
position of the material and the incidental 
conditions of its exposure. 

Some of the topics touched on in the 
book are as follows: atmospheric corrosion 
studies, relations between rust color and 
corrosion, effects of alloying elements on 
the resistance of steels and irons to atmos- 
pherie corrosion, comparison of atmos- 
pheres, and galvanic corrosion. Also dis- 
cussed are a variety of tests such as: acid, 
accelerated, atmospheric galvanic, salt 
spray, laboratory total immersion and 
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Alternate immersion, boiling nitric acid, 
plant corrosion, paints, ete.; tests in 
waters, corrosion tests of insect screens, 
long-time tests of different steels and irons, 
and effects of position in test. 

Copies of this 96-page booklet, heavy 
paper covel, can be procured from the 
American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa., at $1.50 
h. 


Bronze Welding 


An 8-page reprint entitled, “Jobs You 
Can Do with Bronze Electrodes,”’ written 
by F. Ek. Ganiott, Manager of the Weld- 
rod Department of Ampco Metal, Inc., is 
now available through Ampco Metal, 
Inc., Milwaukee, Wis. 

Completely illustrated, this booklet 
describes the welding techniques and cor- 
rect choice of bronze electrodes to be used 
in welding water heaters, turbine runners, 
cast-iron gear housings, galvanized iron 
exhaust stacks, bearings, dies, etc 

For your free copy, write Ampco Metal, 
Inc., 1745 S. 38th St., Milwaukee, Wis. 


Brochure on Welding and 
Cutting Equipment 


16-page, illustrated brochure de- 
scribing the welding torches and cutting 
attachments manufactured by the Na- 
tional Welding Equipment Co., has _re- 
cently been released by this company. 
Copies of this brochure may be obtained 
by writing to National Welding Equip- 
ment Co., 218 Fremont St., San Francisco 
5, Calif. 


Illustrated Folder on Brazing 
and Soldering 


Two aluminum solders designed for 
joining copper to aluminum or other 
metals and ten rods and electrodes for 
work on copper and copper-bearing alloys 
with torch, soldering iron and arc, are 
featured in an illustrated folder, 6 pp., 
3'/, x 6'/,in., which has just been released 
by All-State Welding Allovs Co., Inc., 273 
Ferris Ave., White Plains, N. Y. This 
booklet is titled ‘How to Use and Apply 
All-State Alloys and Fluxes for Welding, 
Brazing and Soldering Copper and Copper- 
Bearing Alloys.” 

Contained in the folder are complete in- 
structions for use, techniques of applica- 
tion and description of the properties of 
the alloys. Copies of this folder may be 
obtained from All-State distributors 
throughout the country or on request to 
the company at White Plains. 


Maintenance Manual 
On Stud Welding 


Maintaining Your Stud Welder is the 
title of the new Maintenance Manual being 
offered to industry by KSM Products, Ine. 
The handbook is a companion piece to 
KSM’s Operating Manual. It represents 
the first time, according to this company, 
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for Stainless Steel WELDING 


AC-DC 
Electrodes 


GAS 
Welding Rods 


BURNING... 


stable even at lower heats 


SLAG... 


clean, easily removed 


COATING... 


resists cracking down to very short stubs 


SELECTION... 


complete line for welding 
every type of stainless 


Get in touch 
with your PAGE distributor 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York 
Philadelphia, Portland, San Francisco, Bridgeport, Conn 
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that a manual devoted exclusively to the 
maintenance of stud welding equipment 
has ever been published by a manufac- 
turer. Designed for convenient reference 
by those charged with maintenance of 
stud-welding apparstus, the 12-page hand- 
book contains 8 drawings and charts and 
12) photographs Accompanying text 
helps to clearly explain the various aspects 
of maintenance against a background of 
specific components and problems. A 
Manual can be obtained by 
Stud Welding Division, KSM 
Merchantville, N. J. 


copy ot the 
writing to: 
Products, Ine., 


Employment 
Service Bulletin 


Positions Vacant 


V-266. Welding Engineer. Large east- 
ern metal-producing company hasexcellent 
opening for development and technical 
service work in welding. State age, educa- 
tion and experience. 


Welding Engineer. Must be capable 
of planning, conducting report- 
ing research projects in the field of 
welding. Engineering graduate preferred, 
with three to five years experience in weld- 
ing research or manufacturing. Send com- 
plete résumé and photograph to Employ- 
ment Dept., International Harvester Co., 
Manufacturing Research, 5225 8. Western 
Blvd., Chicago 9, Ill. 

V-268. Welding Engineer. Supervis- 
ory Engineer required by large ship repair 
company. Capable of introducing and 
controlling electric and acetylene welding 
methods. Experience in modern stress re- 
lieving, technical inspection and with some 
knowledge of metallurgy. Send complete 
information, together with technical and 
practical experience. 

V-269. Excellent connection available 
for an experienced person of executive 
caliber, preferably with both engineering 
and business training, with a New York 
City welding and engineering contracting 
organization having more than 30 years 
successful background on large welding 
contract work of every deseription. Ap- 
plicants should have proved experience in 
estimating and have inherent business 
management ability. Connection war- 
rants a moderate dollar investment in the 
business with the opportunity for eventu- 
ally assuming general management and 
part ownership. All replies treated with 
utmost confidence. 
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thing we say... 
for an immediate refund. 


STULZ-SICKLES CO. 


SEACO CHALLENGE 


LOL 


AC 


TRADE MARK 


arp 
Hard- Surfacing 


Last Longer than More Expensive Brands 


A single pass of SEACO allows parts to work- 

harden and last longer. 

e SEACO Hard-Surfacing Welding Electrodes 
resist impact and abrasion. 

e Repairs made with MANGANAL and pro- 
tected by SEACO often outlast new parts. 

e SEACO gives more for the money—5% coat- 

ing—95% metal. 


Try a 50 Ib. box of SEACO. If it doesn't do every- 
return the unused portion to us 


SOLE PRODUCERS 
92 Railroad Ave 
Newark 5. N J 


Employment Service Bulletin 


WAGNER 


ELECTRODE HOLDERS 


The team- 
mate for WAGNER 
GROUND CLAMPS 


RESIST ARC HEAT 


Copperhead Tip Insulation oper- 
ate near 6,000° heat. 


Patented channel construction 
flushes heat radiation twice as 
fast. 


FULL CURRENT DELIVERED 


Wagnerloy Construction results in 
high conductivity, longer service. 


WAGNER 
MFG. CO. 


350 W. Ist SOUTH ST. 
JACKSON, MISSOURI 


V-270. District Manager Wanted by 
leading manufacturer of alloy are welding 
electrodes, to supervise Mid-Western ter- 
ritory. Primary duties: working with 
established distributors, establishing new 
distribution. Broad experience with var- 
ious types of electrodes a must. Attrac- 
tive financial proposition. Our employees 
know of this advertisement. 

V-271. Sales Engineers Wanted. Vari- 
ous locations. Work with distributors sell- 
ing hardfacing welding rod. Practical or 
formal training in welding field desired 
Growing division of large company with 
excellent opportunities 


Services Available 


A-626. Metallurgist, 25 years old 
B.S. Metallurgical Engineering. Presently 
employed in research. Desires change to 
obtain position offering diversified experi- 
ence. Would prefer the nonferrous field 
main interest, applied research. Present 
salary $4500 vear. Location is arbitrary 

A-627. Resistance Welding Engineer 
Married, 3 children, age 38. Twelve years 
experience on spot, seam, flash and projec- 
tion welding. Employed the past seven 
years by resistance welding manufacturer 
in Experimental Welding Laboratory 
Will relocate for right opportunity. 
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re reguiator 


would you like to know more about this important question .. . 


how does a regulator work? 


Your oxygen regulator tames a cylinder pressure 
which may exceed 2200 p. s. i.; it must do so con- 
sistently, reliably and safely. 


Just how does so sensitive an instrument, so sturdy 
a regulator, work — what is pressure anyway — 
wherein lies the difference between a pressure 
gauge and a tubular flowmeter — when would you 
select a single and when a two-stage reduction reg- 
ulator — and wherein lies their difference? 

On what basis do you select a regulator to meet 
specific requirements of low or very high delivery 
pressures, or minute or very vast volume of flow? 


If you have asked yourself these and similar ques- 
tions about pressure, about the measuring of flow, 
about all of the many problems your regulator must 
solve for you, write for this new, FREE National 
regulator booklet today. 


| NATIONAL WELDING EQUIPMENT CO. | 
| 218 Fremont Street, San Francisco 5, Calif. | 
Please send FREE ‘‘Regulator’’ booklet. 
| WAME 
| 
POSITION 
COMPANY 
| | 
ADDRESS 
CITY ZONE STATE 
| 


/ 
Made by Nationa WELDING EQUIPMENT CO., San Francisco 5, California | 
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Nationwide Laboratory 
Inspection Announced 


Magnaflux Corporation announces that 
it has increased the national coverage of 
its Commercial Inspection Laboratories, 
from five to eleven locations. Folders are 
now available to briefly cover the two 
phases of this available inspection: labora- 
tory inspection of parts, from one to 1,- 
000,000, and field inspection for large ob- 
jects anywhere. This inspection service is 
in addition to the regular manufacture and 
outright sale of inspection equipment by 
Magnaflux Corp. 

Inspection laboratories are loeated in 
Chicago, Il.; New York, N. Y.; Hartford, 
Conn.; Cleveland, Ohio; Detroit, Mich.; 
Wichita, Kan.; Dallas, Tex.; Houston, 
Tex.; Odessa, Tex.; Los Angeles, Calif. 
and Oakland Calif. Full addresses and in- 
formation are shown in the Laboratory 
and Field Inspection folders, respectively. 
This inspection by Magnaflux personnel 
includes consultation on how best to solve 
problems of causes of the defects en- 
countered, and how to establish acceptance 
standards. For further information and 
for copies of the folders, write to Magna- 
flux Corp., 5900 Northwest Highway, 
Chicago 31, Il 


Denise Darcel 
Named “Miss Welder of 1952” 


Denise Darcel, MGM motion picture, 
stage and television star, was officially 
named “Miss Welder of 1952” by the 
National Eutectic Welders’ Clubs at a 
luncheon in the Roosevelt Hotel. New 
York, on February 15th. 


Miss Darcel was selected as “the girl we 
would like most to weld with’ by the 
graduate body of professional welders 
representing nation-wide industry and the 
armed services who attend the Eutectic 
Welding Institute Her selection was 
based on her “outstanding qualities of 
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beauty, physical charm, poise, determina- 
tion, endurance, meticulousness, emotional 
stability, ready wit and unselfishness.” 
R. D. Wasserman, President of the 
Eutectic Welding Institute and the com- 
pany bearing the same name, presented a 
scroll to Miss Darcel, expressing the hope 
that her photograph would inspire women 
throughout the nation to join the ranks of 
the labor force so vitally needed for 
America’s defense effort. The luncheon 
was held for the purpose of announcing and 
demonstrating to the press a new Eutectic 
product, ChamferTrode, a cutting or 
gouging metal-removing electrode. 


Welding of Steel Castings 


The Tempil°Corporation of New York 
has announced that it is prepared to supply 
complimentary copies of ‘Recommended 
Practice for the Welding of Steel Cast- 
ings,’ a 40-page booklet published by the 
Steel Founders’ Society of America, to en- 
gineers and technicians who request it on 
their business letterhead. All requests 
should be addressed to Tempil® Corp., 11 
W. 25th St., New York 11, N.Y. 


1950 Acetylene, Oxygen and 
Calcium Carbide Production 


Early in January the Industry Division 
of the Bureau of the Census, U.S. Depart- 
ment of Commerce, issued a compilation 
of statistics on “Inorganic Chemicals and 
Gases, 1950." The following figures are 
abstracted from the report. (Quantity 
units are millions of ecubie feet for the 
gases and short tons for carbide. ) 

The figures on acetylene “exclude in- 
formation from railroad shops, shipyards, 
welders and small establishments using 
portable generators.” In 1947 data on 
shipments of carbide were not separately 
stated, but lumped into “other calcium 
compounds.” 

The 1950 statistics are based on reports 
furnished to the Census Bureau on Form 
MA-I9E, “Annual Report on Shipments 
and Production, Consumption, and Stocks: 
1950." Figures for 1947 were compiled 
from the 1947 Census of Manufacturers 
report. The production figures represent 


the primary manufacture of the various 
products in the United States, including 
quantities produced for further procesving 
in the same plant, for intra~-company trans- 
fer, and for sale to other companies. The 
data exclude information for plants either 
owned or operated by the Federal Govern- 
ment, or operated solely for its account, 
except for Tennessee Valley Authority 
plants, which are included. 


Marquette Opens 
New Warehouse 


Marquette Manufacturing Co., Inc. of 
Minneapolis, manufacturers of are and gas 
welding equipment and automotive service 
equipment, has announced the opening of 
a new warehouse at 48-14 36th St., Long 
Island City 1, N. Y. 

R. W. Massey, field engineer, and F. H 
Eckman, eastern district manager, will be 
in charge of this facility 


A. O. Smith Corp. Expands 


Welding equipment manufacturing of 
A. O. Smith Corp. has moved into this 
27,000-square foot Milwaukee building 
from overcrowded quarters at the Com- 
pany’s main operations at Milwaukee 
Works. Besides prov iding needed space 
for assembly lines for A. O. Smith's 12 
basic welder models, the building also 
houses experimental shops and some sales 
offices. Space vacated at Milwaukee 
Works is being utilized for expanded 
welding electrode production, which has 
been at peak capacity for the past year. 


Ampco Distributor 


Ampco Metal, Ine., Milwaukee, Wise., 
has appointed Kirk-Wicklund and Co., 
Kansas City, Missouri, as a franchised 
distributor of Ampeo Weldrod products 
for the northern and eastern counties of 
Kansas. 

They will handle the complete line of 
Weldrod products including Ampco-Trode 
and Phos-Trode electrodes and Ampco- 
Trode bare wire and filler rods many of 
which they have in warehouse stock. 


Total shipments and 
interplant transfers 


Year Quantity (f.o.b. plant) Quantity 


Production 
Consumed in 
Value Total same establish- 


ment, cu tt 


Acetvlene 1950 4,327 $50,584,000 5,409 
1947 3,002 38,581,000 3,007 
Oxygen (high purity) 1950 $54,676,000 17,848 
1947 13,878 41,522,000 14,429 

Calcium Carbide 1950 400,958 $31,181,000 671,492 
1047 607,113 


News of the Industry 
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Other Plants: New Castle, Del., 


APRIL 


Announcing... 
Amsco 


for AUTOMATIC HARDFACING 


AMSCO AW 79 will meet your every requirement 
for better control of wear where abrasion and high 
impact are important factors—plus giving you all 
the advantages of automatic welding. It can be used 
for reclaiming parts worn to uselessness or for 
increasing productivity of new parts. 

The result of extensive research and field testing, 
AMSCO AW 79 is especially suitable for rebuild- 
ing and hardfacing tractor rollers and idlers. Back- 
up rolls, steel wheels, sheeting rolls, dredge pins, 
as well as dozens of other applications, can be 
successfully hardfaced with AW 79. It can be used 
On any conventional automatic submerged arc 


AMERICAN 
Brake Shoe 


welding equipment now being used. 

AW 79, the first in a series of rods by AMSCO 
for automatic hardfacing, is an alloy steel electrode 
fabricated by encasing particles of alloy metals in 
a continuous steel tube. Deposits are of martensitic 
alloy steel with chromium and molybdenum as the 
principal alloying agents. It is available in coils 
weighing approximately 100 lbs., each with an in- 
side coil diameter of 2214", and is stocked in wire 
diameters of 542” and %.". Packed in cardboard 
containers with an anti-rust agent, other coil diam- 
eters and sizes are available on request. Write 
today for complete information. 


AMERICAN MANGANESE STEEL DIVISION 


382 EAST 14th STREET - CHICAGO HEIGHTS, ILL. 


Denver, Oakland, Cal., 


Los Angeles, St. Louis. In Canada: Joliette Steel Division, Joliette, Que. 


Amsco Welding Products distributed in Conada by Canadian Liquid Air Co., Ltd. 
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It's the formula that ac- 
counts for the high rate 
application 


“Which characterize the 
wide use of ALL-STATE 
Alloys and Fluxes. 


It's the formula we use 


ED = Excellent Distributor 


A-S DISTRIBUTORS 
EVERY WHERE 
Ask for a free copy of 32- 
page Buyers Guide to the 
complete line of ALL-STATE 

Alloys and Fluxes. 


ALL-STATE 


WELDING ALLOYS CO., 
White Plains, N. 
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Foreign Organizations to 
Participate in Centennial of 
Engineering 


First indication of the world-wide scope 
of the Centennial of Engineering to be 
celebrated in Chicago this summer was 
given today in an announcement by its 
president, Lenox R. Lohr, that the leading 
scientific societies of seven foreign nations 
have pledged active participation during 
the past week. These are in addition to the 
49 American scientific and engineering 
bodies already announced. 

In each case the foreign organizations 
have agreed to send sizable delegations of 
their best known figures to this country 
for the 10-day convocation, the specially 
created public exhibit of world engineering 
progress in the past 100 vears, and the big 
spectacular stage presentation to be in- 
eluded in the Centennial program. 

One of the largest foreign delegations 
will be that of the Roval Society of Indus- 
trial Engineers of Belgium which will 
send 11 delegates. Other bodies to be 
represented include the Japanese Society 
of Civil Engineers, the Institution of Civil 
Engineers of Great Britain, the Institu- 
tion of Mechanical Engineers of Great 
Britain, the World Power Conference 
which has its headquarters in London with 
branches in France and India, the College 
of Civil Engineers of Mexico, the Engi- 
neering Institute of Canada, and the Asso- 
ciation of Professional Engineers of the 
Province of Ontario. 

Lohr also stated that other prominent 
engineering bodies in Norway and France 
are definitely pledged to participate al- 
though they have not yet indicated the 
exact make-up of their delegations. 

European engineering societies, as well 
as those of Latin and Central America, 
will have leading parts in the ceremonies 
planned for the International Day pro- 
gram, scheduled to open the convocation 
meeting on September 3rd. 


International Welding 
Congress Proceedings 


The reports in English of the proceedings 
of the International Welding Congress held 
in London and Oxford in July 1951, are 
contained in the June, August and October 
1951 issues of the Transaction of the Insti- 
tute of Welding. The distribution of the 
various portions of the report between 
these three issues is as follows: 

OPEN SESSIONS 

1. The Welding of Bridges and Structures 

Professor Ir. W. Soete—‘‘Possibilities of 
the Pre-Stressing of Metallic Construc- 
tions," October 1951, pp. 161-168. 

A. B. Kinzel, D. Swan, H. Biers and H. R. 
Pufahl—‘‘Powder Processes, a New In- 
dustrial Tool,” October 1951, pp. 154 
160. 

2. The Welding of the Wrought Light 
Alloys 

J. Faguet—‘‘Recent Advances in the Tech- 
nique of Electric Spot Welding of 
Aluminum Alloys in the French Aircraft 
Industry,”’ August 1951, pp. 110-120. 

W. V. Binstead and E. G. West—‘British 
Experience in the Argon Are Welding of 
Aluminum,” August 1951, pp. 121-139. 
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J. Herenguel and M. Hollard—‘Recent 

French Studies on the Weldability of 
Aluminum Magnesium Alloys,’ August 
1951, pp. 40-144. 

Discussion on the three papers —October 
1951, pp. 169-172 

3. Recent Developments in Welding in 
Great Britain 

J. M. Robertson——‘‘Welding in Relation 
to Gas Turbines for Use on Land,” June 
1951, pp. 68-73. 

W. 3S. Atkins & E. M. Lewis—‘Develop- 
ments of Design and Fabrication in re- 
cent British Struetures” June 1951, pp. 
74-#4, 

H. Cardge —‘Welding on Gas Turbine 
Engines for Aireraft”’ June 1951, pp. 85 
91. 

Discussion of the three papers October 
1951, pp. 173-176 

4. Reports of Chairman of Commissions 

October L951, pp. 177-182 and 159 

General Report 

August 1951, pp. LO4- 106 
Copies of the three issues are obtainable 

for £ post free by writing to G. Parsloe, 

Secretary, The Institute of Welding, 2 

Buckingham Palace Gardens, Buckingham 

Palace Road, London SW1. 


Centennial to Encourage 
Engineering Training 


Stating that America’s colleges and 
technical schools are preparing only about 
half as many trained engineers as the 
country needs, Lenox R. Lohr announced 
today that one of the main objectives of 
the Centennial of Engineering, to be cele- 
brated in Chicago later this year, will be 
to inspire more young men and women to 
take up engineering as a career 


Welding Show and Clinic 


Williams and Co., Ine. will hold a Weld- 
ing Show and Clinic in the new 10,000 sq 
ft. addition % their Pittsburgh warehouse 
on April 2-4, 1952. 

Twenty Pe twenty-five of the larger 
suppliers of welding materials handled by 
Williams and Co. will have booths at 
this welding clinie with welding special- 
ists in attendance to discuss welding prob- 
lems. These companies include The Inter- 
national Nickel Co., Ine., Tempil°® Corp., 
Welding Equipment & Supply Co., Mer- 
rill Bros., Aladdin Rod and Mfg. Co., Chi- 
cago Tool & Engineering Co., Linde Air 
Products Co., Lukens Steel Co., Handy & 
Harman, Aluminum Company of America, 
American Brass Co., Arcos Corp., American 
Manganese Steel Division, Erico Products, 
Inc., Jackson Products, Inc., Mir-O-Col 
Alloy Co., Ine., Solar Aireraft Co., Thomp- 
son & Co., Westinghouse Electric Corp., 
AMERICAN WELDING Socrery, and Indus- 
trv and Welding. 

A welding forum will be scheduled at 
regular intervals where open discussions of 
various problems in welding can be dis- 
cussed and also films illustrating the use of 
welding and brazing in industry will be 
shown at scheduled intervals. These 
meetings will continue daily Wednesday 
and Thursday from 1 to 9 P.M. and Friday 
from Lto6 PLM. 
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Radiography checks — 


then double checks 


GEAR STRUTS lead a life of pun- 
ishment. Though light, they must be strong. 
Their joints must be sound. Radiography is the 
method used to prove them sound. 

A maker of amphibian aircraft goes even further. 
Though treated and sealed, strut members can 
develop internal corrosion and become weakened. 
Radiography alone can provide the required non- 
destructive examination of these internal surfaces. 
So it has become routine to x-ray these struts as 
part of the periodic inspection of the planes. 


Radiography — 


This is but one example of how radiography is 
proving a boon to the welding process. It is helping 
to open new fields for the use of welding—especially 
in the fabrication of highly stressed products and 
assemblies. 

Look into the ways Radiography can aid your 
business. Your x-ray dealer will be glad to give you 
full information and assistance. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


another important function of photography 


TRADE-MARK 


CURRENT WELDING PATENTS 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D. C. 


2,582,963 Apparatus 
John F. Cachat, Cleveland, Ohio, as- 
signor to The Ohio Crankshaft Com 
pany, Cleveland, Ohio, a corporation of 
Ohio. 

This apparatus is for continuously 
welding opposed edges of a generally C- 
shaped metal strip and it includes high 
frequency, induction-heating inductor for 
inducing high-frequency currents to flow 
in the edges of the strip and raise them to 
welding temperature, and members are 
provided for pressing such heated edges 
into welding engagement. A feature of 
the patent resides in a piston and cylinder 
arrangement for moving the members into 
pressure engagement and the strip and 
hydraulic pressure means are connected 
to the piston-cylinder arrangement to ex- 
substantially uniform pressure 
against the strip. This hydraulic system 
functions in accordance with a formula to 
maintain the desired pressure. 


ert a 


2,583,002—FLame Curring Macuine 

Gilenway Maxon, Jr., Milwaukee, Wis. 

Maxon’s machine is for flame cutting 
gears and includes a rotatable spindle for 

rying the blank, a cutting torch and 
means mounting the torch to reciprocate 
toward and from the spindle to cut through 
a blank thereon. Special means are pro- 
vided for cutting teeth of different sizes in 
the gear blank and for rotating the blank 
an arcuate distance equal to the circular 
pitch of the gear to be cut with each recip- 
rocation of the carriage. 


2.583.015 -Mernop or 
Corrine Fenrous 
Harold KR. Fisher, Metuchen, N. J., as- 
signor to Air Reduction Company, In- 
corporated, New York, N. Y., a corpora- 
tion of New York. 

This method is particularly directed to 
the cutting of steel cont w chromium 
and it includes projecting a stream of cut- 
ting oxygen against the steel and introduc- 
ing into the oxygen stream a powdered 
flux consisting essentially of at least one 
material selected from the group of sodium 
sulphite, sodium sulphate, sodium bisul- 
phate and sodium thiosulfate. 


2,583,507 — Potyenase ALTERNATING 
Cornnent Fusion Wrra Con- 
Teo. of INTERPHASE VOLTAGE, AND 
with Compinep ALTERNATING CuR- 
RENT AND Dinect Current 
Porentiats Otis KR. Carpenter and 
Frank W. Armstrong, Jr., Barberton, 
and Reidar P. C. Rasmusen, Akron, 
Ohio, assignors to The Babeock & Wil- 
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cox ipany, Rockleigh, N. J., a cor- 

poration of New Jersey 

Electric welding apparatus is covered 
by this patent and it includes a plurality 
of relatively movable electrodes, a rela- 
tively fixed electrode and means connect- 
ing the electrodes in a polyphase welding 
circuit. First’ circuit characteristic 
sponsive adjustment means are associated 
with the movable electrodes and control 
the arc lengths therebetween, and second 
circuit’ characteristics responsive adjust- 
ment is are associated with the mov- 
able and fixed electrodes and operate con- 
jointly with the first adjustment means to 
control the are lengths between the movy- 
able electrodes and the fixed electrode. 


2,583,575 Macnine —Ernest 
Katz, Haifa, Palestine; now by judicial 
change of name Ernest Henry Casson. 
This patent relates to a spot welding 

machine for uniting superpositioned flex- 
ible sheet metal pieces that have an inter- 
mediate perforated work piece therebe- 
tween. Annular holding means press 
the work pieces together and annular elec- 
trodes apply heat to and deform the sheet 
metal pieces at the location of the perfora- 
tion in the intermediate work piece. Spot 
welding electrodes are provided to apply 
welding heat to the deformed areas of said 
metal pieces. Guide means are also oper- 
atively connected to the apparatus and 
move in predetermined sequence to the 
remainder of the apparatus. 


2,583,005 Bianketrep Anc WeLp- 
inc —Frank J. Pilia, West Orange, N. J.. 
assignor, by mesne assignments, to Un- 
ion Carbide and Carbon Corporation, 
corporation of New York. 

In this welding method, a gas confining 
nozzle is advanced to bring its rim into 
contact with the metal to surround a spot 
thereon and simultaneously a non-deposit- 

w electrode is directed inside of and con- 
centric with the nozzle toward the center 
of the said spot. The electrode is posi- 
tioned with its tip spaced from the spot 
and from the nozzle rim, and pressure is 
exerted on the nozzle to cause a ring of 
pressure contact between the nozzle rim 
and the work to surround the spot and 
steady the nozzle. A layer of non-oxidiz- 
ing gas is maintained above the nozzle rim 
and extending over the spot, while an are 
is struck between the electrode tip and the 
spot through the layer of non-oxidizing 
gas. This arc is maintained until the spot 
is heated to fusion temperature and mol- 
ten portions of the work coalesce. The 
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ring of pressure contact and the electrode 
are maintained stationary for the duration 
of the are. 


2,583,868—Resistance Dome 

Nut—Anthony Thaddeus A. Mocium, 

Manhattan Beach, Calif., assignor to 

North American Aviation, Inc. 

This patent covers a method for attach- 
ing a dome nut to a metallic pressure ves- 
sel and comprises press fitting the dome 
nut into a hole in the vessel, and passing a 
welding current through the press fit to 
fuse the metal around the circumference 
of the nut. 


2,584,072—Backup Device ror 

ING, BrazinG OR SOLDERING 

TION—Herbert E. White, Cleveland 

Heights, Ohio. 

White's patent is on a device for solder- 
ing or similar operations on thin sheet 
stock and it includes a horseshoe-shaped 
permanent magnet having two spaced 
apart legs terminating substantially in a 
plane. A back-up plate is provided, and 
connector means secure the back-up plate 
to the magnet means with the back-up 
plate located between the legs. Spring 
means are included in the connector means 
to bias the back-up plate normally to a 
location beyond the ends of the legs. 


2,584,491 —Means ror Spot WELDING 
Ted Nelson, San Leandro, Calif., as- 
signor to Gregory Industries, Inc., a 
corporation of Michigan. 

Nelson's patent is on a fusible electrode 
including a stud and welding flux at one 
end of the stud. An annular groove is 
provided in the stud dividing the electrode 
into a fusible head and a chuck receiving 
body. 


2,585,127 Composition For CLEANING 
ALuMINUM AND ALUMINUM ALLOY SuR- 
Faces Preparatory To Spot 
ING Emmette RK. Holman, Pasadena, 
and Justine L. Mathis, Ranchita, Calif., 
assignors to Turco Products, Ine., Los 
Angeles, Calif., a corporation of Califor- 
nia. 

This new cleaning composition consists 
of an aqueous acidic solution of about 5% 
to 50% by volume of a non-halogen inor- 
ganic acid. About 0.25% to 20% by 
weight of another substance is present and 
it dissociates in the solution into a pyro- 
phosphate radical and another jon. 


Pressure Ma- 
Russell T. Murray, El Cerrito, 


2,585,266 
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A handful of Tungsten Carbide Inserts 


gave this mixer an Extra Year of Life 


Masticator blades in this pug mill-type mixer for processing linoleum failed in less 


than three months, because of severe abrasive wear. Much of this wear was eliminated 


by tack-welding three HaysTeLLive cast tungsten carbide inserts to each of the blades 


on the screw. The inserts were applied easily without removing the blades from the mill. 


After it was equipped with hard-faced blades, the mixer remained in service for 


nine months without blade maintenance, and it was still good for six months more. 


This five-to-one life more than offsets the cost of the inserts. 


For more information on HaysTELLiTE tungsten carbide products and seven other 


Haynes hard-facing materials. write for the 40-page booklet. “Hayves Alloys— 


Hard-Facing Manual.” The booklet contains data on how to select the right rod and 


how to make the deposit by either the oxy-acetylene or metallic-are welding process. 


Haynes Stellite Company 


A Division of 
. Union Carbide and Carbon Corporation 
UCC) 


cemniiane General Offices and Works, Kokomo, indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Los Angeles—New York—San Francisco— Tulsa 


“Haynes” and “Haystellite” are trade-marks of Union Carbide and Carbon Corporation, 
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and Florindo Viti, San Francisco, Calif., 

assignors to Grove Regulator Company, 

Oakland, California, a corporation of 

California. 

A machine for butt pressure welding op- 
erations is provided and includes hydrau- 
lic means and relatively movable members 
providing a closed chamber between the 
hydraulic means and the abutted metal 
members to be welded. Said chamber is 
adapted to receive gas under pressure. 


Liquid supply means are provided for 
said hydraulic means and pneumatically 
controlled means regulate such liquid sup- 
ply means and are at least partially con- 
trolled by relative movements between the 
said members. 

2.585.772 Mernop anp Cincurr For 
Putsation Wetpinc Andrew D. Has- 
ley, Basking Ridge, and Frank H. Hib- 
bard, Mountain Lakes, N. J., assignors 
to Bell Telephone Laboratories, Ineor- 


porated, New York, N. Y., a corporation 

of New York. 

Resistance spot welding of small parts is 
covered in this patent. [Lt discloses utiliz- 
ing the drop in resistance in the weld to 
prevent burning of the weld. A plurality 
of welding pulses are sent through parts 
maintained under continuous welding pres- 
sure, each welding pulse singly being of in- 
sufficient energy to make the weld and 
being of microsecond duration. 
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RESEARCH COUNCIL 


of the Engineering Foundation 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
* American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to the Welding Journal, April, 1952 


by D. Vasarhelyi and R. A. Hechtman 


INTRODUCTION 


HE research reported herein is a part of the in- 

vestigation of welded reinforcement of openings 

in structural steel members. A previous paper! 

described the tests of '/,-in. plates with and without 
welded reinforcement. The purpose of the tests 
covered by this report was to determine the unit strain 
energy and the true stress distribution in the plastic 
range of the material in a flat plate with a centrally 
located opening, which was square with rounded 
corners. Two such plates made from plain-carbon 
semi-killed structural steel were tested in tension, one 
at room temperature and the other at a temperature 
of —20° F., the first of which failed with a completely 
shear fracture and the other with a fracture almost 
entirely cleavage. 

The octahedral theory? was used to determine the 
unit strain energy distribution, while the true stresses 
were computed by a method developed in the course 
of the investigation. Both types of analyses utilized 
the experimental data of the tests as the basis of the 
computations 


D. Vasarhelyi and R. A. Hechtman are Research Associate and Associate 
Professor of Structural Research, respectively, Department of Civil Engi 
neering, University of Washington 

Paper was presented at the Thirty-Second Annual Meeting, AWS, Detroit 


Mich., week of Oct. 15, 1951 
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Welded Reinforcement of Openings in 
Structural Steel Members 


» 4 determination of strain energy distribution and true stresses 
in the plastic range in plates with centrally located openings 


Il. UNIT STRAIN ENERGY DISTRIBUTION 
IN THE PLASTIC RANGE OF THE MATERIAL 
DETERMINED BY THE OCTAHEDRAL 
THEORY 


The octahedral theory, whose application to the 
problem of plastic distortion was suggested by A. 
Nadai,’? utilizes the convenient relations between the 
octahedral shear stress and the octahedral shear strain 
in expressing the stress-strain condition at a point in 
a multiaxial stress field and from these quantities de- 
velops the unit energy absorption at the point. 

Only a brief discussion of the method will be pre- 
sented here. By the equilibrium of forces and the geom- 
etry of the strains, the equations for the octahedral 
shear stress, the octahedral shear strain, and the unit 
strain energy at a point in the stressed body become as 


follows: 
3 


For the condition of uniaxial stress, 


T= 2 
= V2e (3 
For the condition of triaxial stress, 
l 
T= 3 V (oz — + (Cy — + (4) 
8 <x 
3 
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The symbols in these equations are 
defined in Section VIII of this re- 
port. Because of the large defor- 
mations occurring in the plastic 


range, it is necessary to use true 
stresses and natural strains at all 
times in the application of these 
equations. 

These equations are based on the 
following necessary assumptions: 

1. Isotropic behavior of the ma- 
terial occurs throughout the plastie 


TANGENT 


TRUE \ STRESS 


range. 

2. The directions of the princi- 
pal stresses and of the principal- 
strains coincide at all times. 

3. The entire strain energy is distortional energy, 
that is, the volume of the deformed body remains 
constant. 

Experimentally, the procedure consists of two steps; 
first, the determination of the energy absorption per 
unit volume in a uniaxially stressed specimen such as 
a tensile or compression specimen for various values 
of the octahedral shear strain; and, second, the deter- 
mination of the values of the octahedral shear strain 
at different points in the specimen with the complex 
stress field and the assignment at each of these points 
of a value of energy absorption found in the uniaxially 
stressed specimen for an equal value of the octahedral 
shear strain. 

In the application of the octahedral theory to the 
present problem, two simplifying assumptions were 
made which brought a small degree of approximation 
into the test results, principally in the vicinity of the 
notch: 

1. The plate with an opening was considered as a 
plane stress problem, in that the stress in the direction 
of the thickness of the plate was neglected. 

2. The principal stresses always lay in the z- and y- 
directions of the coordinate system. 


Ill. EXPERIMENTAL DETERMINATION OF 
TRUE STRESSES BY USE OF TENSILE TEST 
DATA 


An experimental procedure has been devised for 
applying the true stress-strain relation in the simple 
tension or compression test to plane stress problems 
in plasticity. A typical true stress-strain curve for a 
simple tension test of a structural steel is shown in 
Fig. 1. The tangent to the curve at a point having the 
ordinates @ and ¢ is denoted the tangent modulus or 
Ey, and the intercept of this tangent on the natural 
strain axis is called £. 

The following two equations may be written to 
express the strains at a point in a plane stress problem: 


or MyrFy 
(6) 
és + Er, En \ 


Fig.1 Graphical definition of Ey and 3 


Mry 
= Er, E.. (7) 
Definitions of the symbols used in these equations may 
be found in Section VIII. These equations assume 
that the tangent modulus £y remains constant in the 
region of the stress-strain curve in which the computa- 
tion is being made—an assumption that does not intro- 
duce much approximation in this particular problem, 
since the true stress-strain curve for structural steel 
approaches linearity in the region between the end of 
the lower yield point range and the point where necking 
begins. 

The simultaneous solution and rearrangement of 
Eqs. 6 and 7 gives these expressions for a, and ¢,: 


( + 8,)] + 
i- MryMyr E 
[Ery! By ) (8) 
Myz Er, [Er,(e, + 
1 
= + + 
MrybMyr 


Mry [Erz(e€, 3.)1) (9) 


The quantities in the two brackets in each equation 
are simply the true stresses in the uniaxial true stress- 
strain curve, #, and &,, which correspond to the appar- 
ent natural strain values, e, and ¢,, measured on the 
specimen. Equations 8 and 9 may then be rewritten 
as, 


l ) 
0) 
) 
= ry 11) 


These last two equations may be applied directly to 
the computation of true stresses in a plane stress prob- 
lem in plasticity. The apparent natural strains, 
e, and ¢,, are measured on the specimen. From the 
true stress-strain curves for the material tested in the 
z- and y-directions, the values of the true stress, é, 
and &,, corresponding to these apparent natural strains 
are found. When these true stress values are sub- 


170-s Vasarhelyi, Hechtman—Reinforcement of Openings WrLDING RESEARCH SUPPLEMENT 


; —— 
4 F 
q 
i 
| 
; 
| 


stituted in Equations 10 and 11, the true stresses, o, 
and ¢,, in the specimen are determined. 

While the derivation presented here is not rigorously 
exact in a theoretical sense, it involves little approxima- 
tion when applied to common structural metals 


IV. TEST SPECIMENS AND TEST METHODS 


All the specimens described in this report were made 
from the same heat of plain-carbon semi-killed steel 
which met ASTM Designation A7-49T and was used in 
the as-rolled condition. The chemical analysis of this 
steel, which was called Steel U, was as follows: 


Cc . 0.23 
Mn 0.50 
P 0.053 
s 0.051 
Si 0.07 


The tensile properties in the direction of rolling as 
found from the average results of two tests of ASTM 
standard flat tensile specimens from each plate were 


as follows: 


Plate t pper yield Ultimate Elongation in Reduction of 


No point, ps strength, pst. 5S in., Q area, % 
26 36, 000 61,800 34.9 61.6 
4 34,900 60,200 32.2 60.7 


The transition temperature was determined by the 
Navy tear test for Plate No. 4 and found to be 40° F 
The plate specimens, Nos. 38 and 38A, which were 
tested at the lower temperatures were cut from this 
plate, while Spec. No. 37 came from Plate No. 26 

A sketch of the tensile specimen used to obtain the 
relation between the unit energy absorption under 
uniaxial stress and the octahedral shear strain is shown 

in Fig. 2. The blanks for 


ue these specimens were sawed 
from the parent plate and 
machined to width. Dupli- 
“re cate specimens cut in direc 
. tions both parallel and trans- 
} verse to the rolling direction 
were tested. The calibration 
! tensile specimens and the cor 
3 5 responding plate with an open 
ing were cut from the same 
3 5 Fr plate and tested at the same 

temperature 
Three identical large plates 
_ with a central opening of the 
) \ I type shown in Fig. 3 were 
z*eu tested: the first, Spec. No. 
— 37, at room temperature; the 
second, Spec. No. 38A, at a 
LJ a temperature of 0° F. to de- 


> Location oF THERwocources termine the load-average elon- 
Fig. 2 Sketch of ten- gation curve and the kind of 
sile calibration test : 

specimen fracture to be expected at this 
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Fig. 3 Plate with square opening with rounded corners 


temperature; and the third, Spee. No. 38, at a tem- 
perature of —20°F. The unit energy distribution over 
the surface of the plate and the true stresses on cross 
sections of the plate were investigated in the first and 
third tests 

These large plates were fabricated and tested with 
pinned end connections in tension in a 2,400,000-Ib. 
testing machine in the manner described in the previous 
paper.' For the low-temperature tests, the specimen 
and the pulling heads were enclosed in a well-insulated 
chamber, through which cold air was circulated 

Spec. No. 38A was gaged with slide-wire resistance 
gages on 18- and 36-in. gage lengths and SR-4 gages 
A rectangular grid system of horizontal and vertical 
slide-wire resistance gages sensitive to a movement of 
about 0.002 in. was mounted on both faces of Specs. 
Nos. 37 and 38. These gages consisted of high-re- 
sistance wire strung through contact points mounted 
on the surface of the specimen. The movement of the 
contact points resulted in a change in the gage length 
and, therefore, a change in resistance of the gage. In 
the region adjacent to the opening, the spacing of the 
grid lines was 1 in., while in sections remote from the 
opening larger spacings were used 

The test was run continuously and, because of the 
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many readings required, extended over about fifteen 
hours. 


Vv. CALIBRATION TENSILE TESTS AND 
PILOT TEST 


The following procedure was used in obtaining the 
relation between the unit energy absorption in the 
calibration tensile specimen of the type shown in Fig. 2 
and the octahedral shear strain: 

1. During the course of the test, readings of the 
elongations in 12 in. and the instantaneous width and 
thickness were taken up to the maximum load on the 
specimen. 

2. These data were reduced to the form of true 
stress-strain curves for the plates in the direction of 
rolling as shown in Fig. 4. 

3. From the data in Step 2, the octahedral shear 
stress-octahedral shear strain curve was derived by the 
application of Equations 2 and 3. 


T 
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Fig. 4 Calibration test true stress-strain curves 


4. The relation in Fig. 5 between the unit energy 
absorption and the octahedral shear strain was com- 
puted from the data in Step 3 by the use of Equation 1. 

The values of Poisson’s ratio in the directions parallel 
and transverse to the rolling direction were required 
for the computation of the true stresses. The following 
values of Poisson’s ratio were found experimentally: 


Testing Poisson's ratio in direction Use values 
Plate temperature Parallel to — Transverse to for spec. 
Vo. "9. rolling rolling No. 
26 76 0.48 0.46 37 
4 -20 0.51 0.46 38 


The slopes of the tangents to the true stress-strain 
curve in the plastic range were called the tangent mod- 
ulus, E,. The values found in these calibration tests 
are plotted in Fig. 6. 

While the transition temperature of the '/:-in. plate 
material had been determined by the Navy tear test, 
it was unknown for the large plates with a square open- 
ing with rounded corners. Therefore, a pilot test 
was made on Spec. No. 38A at a temperature of 0° F. 
and resulted in a fracture which was 87° cleavage. 
A shear fracture started at the diagonally opposite 
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Fig. 5 Relation of unit strain energy absorption and octa- 
hedral shear strain for calibration test specimen 


corner of the opening and, after progressing a short 
distance, changed to a cleavage fracture. As a result 
of this test, it was decided that the testing temperature 
for Spec. No. 38 should be —20° F. 

The load-average elongation curve for this specimen 
is shown in Fig. 7. 


VI. TESTS OF TWO LARGE PLATES WITH 
SQUARE OPENING WITH ROUNDED CORNERS 


1. Tests and Type of Fracture 


Spec. No. 37 was tested at a temperature of 76° F. 
and Spec. No. 38 at a —20°. The fracture of the 
former was entirely shear, while for the latter it was 
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Fig. 6 Plot of Er as a function of natural strain 
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Fig. 7 Load-average elongation curves for plates with 
square opening with rounded corners 


91°) cleavage. The load-average elongation curves 
in Fig. 7 indicate that the over-all behavior of Spec. 
No. 38 at a temperature of —20° and of Spec. No. 38A 
at 0° was essentially identical and that both underwent 
more elongation to ultimate load than Spec. No. 37 
and almost as much elongation to failure. The pre- 
dominantly cleavage fracture in the two low-tempera- 
ture tests was initiated by a small portion of shear 
fracture. The probable explanation for this behavior 
may be that the stress-raising effect of the 1'/s in 
radius at the corner of the opening was not sufficiently 
severe to initiate a cleavage fracture at a temperature 
of —20°, but the crack which formed as failure began 
was. 


2. Computation of the Unit Strain Energy 


Distribution by the Octahedral Theory 


A brief description of the octahedral theory for 
computing the unit energy absorption in the plastic 
range of the material was presented in a previous sec- 
tion of this paper. The elongation readings from the 
slide-wire resistance gages on Specs. Nos. 37 and 38 
and the unit energy absorption in the calibration tensile 
tests were applied in the following manner to determine 
the unit energy absorption at various points in the large 
plates with openings: 

1. From the elongation readings on the surface 
of Specs. Nos. 37 and’38, the natural strain values, 
e, and ¢,, were computed for each gage length. 

2. Equation 5 was used to transform these natural 
strain values into the form of octahedral shear strains. 

3. For each value of the octahedral shear strain 
found in Step 2, the corresponding unit strain energy 
absorption was read from Fig. 5 

4. The values from Step 3 were plotted on the sur- 
face of the specimens and unit strain energy contours 
drawn. 

5. The volume under the surface representing the 
unit strain energy absorption at various points was 
equal to the total energy absorption within the gaged 
area and was compared with the energy absorption 
found for the same region from the load-average elonga- 
tion curve in Fig. 7. 
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Typical unit strain energy contour maps for Spec. 
No. 37 at two different loads are shown in Figs. 8 and 9 
and for Spec. No. 38 in Figs. 10 and 11. The pattern 
of the unit energy distribution which developed at the 
lower loads in the plastic range, changed somewhat as 
the ultimate load was approached. At the lower loads, 
the highest unit energy absorption was found at the 
corners of the opening and in the two regions extending 
diagonally upward from the corners of the opening 
to the outer edge of the plates, the regions where elastic 
stress theory would predict the highest values of the 
principal tensile stress. At the higher loads, the unit 
energy absorption was highest in the region of the least 
cross-section area. The highest unit energy absorption 
was found at the tangent point between the corner are 
and the vertical side of the opening, the point where 
elastic stress theory would predict the maximum elastic 
principal tensile stress. The maximum value at this 
point was 18,300 in.-Ib. per cubic inch for Spec. No. 37 
and 20,000 in.-lb. per cubic inch for Spec. No. 38 
These maximum values should not be taken as the 
absolute maximum for the specimens, because they 
represent the average value within a I-in. gage length 
adjacent to the edge of the opening Fracture began 
at the tangent point where the maximum energy ab- 
sorption was observed. 

When the unit energy values on the contour maps 
in Figs. 8 to 11, inclusive, were integrated, all with 
similar plots for other loads, the total energy absorbed 
within the gaged area was determined and compared 
with the total energy absorption computed from the 
The follow- 


ing table gives the results of this comparison: 


load-average elongation curves in Fig. 7 


Total energy absorption in in.-lb 


From octahedral From load-ave rage 
Load, th theory elongation curve 
Spec. No. 37 at temperature of 76° F 
500 , 000 79,400 60 , 600 
650,000 243,000 270,000 
720,000 426 ,000 452,000 
800 , 000 1,056 ,000 884,000 
Spec. No. 38 at temperature of —20° F, 
500 , 000 71,500 21,000 
650 ,000 282 , 850 225 ,000 
720,000 $44,450 370,000 
800 ,000 683 , 800 638 , 000 
870,000 1,103,800 1,021 ,000 
915,000 1,450,150 1,389,000 


An examination of these values indicates that the agree- 
ment between the values of the energy absorption was 
better at intermediate and high loads than at low loads 
At the lowest load of 500,000 Ib. many of the elongation 
readings were of about the same magnitude as the sen- 
sitivity of the slide-wire resistance gages 


3. Rate of Increase of Unit Energy Absorption 


The plots of the unit strain energy contours for Specs 
Nos. 37 and 38 indicated that the unit energy absorp- 
tion increased more rapidly in some portions of the 
specimens than in others, as the applied load was in- 
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creased. The manner of this increase was analyzed 
to determine whether it followed any consistent pattern 
for any one specimen and whether the behavior of the 
two plates was in any way similar. 

The unit energy absorption U at each point on the 
specimen was plotted against the applied load P. The 
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- 
: Fig. 8 Unit strain energy contours for plate with square opening with rounded corners for load of 650 kips, 819% of maxi- 
mum load. Spec. No. 37. Temperature 76° F. 
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upper diagrams in Fig. 12 show typical examples of the 
plots made at every one of the 124 points on each speci- 
men as well as the plot of the average unit energy 
absorption for the whole specimen. The shape of the 
plot for each point was in general the same as for the 


average energy absorption for the whole plate. It was 
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Fig. 9 Unit strain energy contours for plate with square opening with rounded cor 
mum load. Spec. No. 37. F 
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Fig. 10 Unit strain energy contours for plate with square opening with rounded corners for load of 650 kips, 71% 


mum load. Spec. No. 38. Temperature — 20 


UNIT STRAIN ENERGY ONSTRIBUTION ALONG SEC 


Fig. 11 Unit strain energy contours for plate with square opening with rounded corners for load of 915 kips, 100% of maxi- 


mum load. Spec. No. 38. Temperature — 20° F. 
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hig. 12 Growth of unit strain energy at typical points on 
specimens under applied load. Specs. Nos. 37 and 38 


found that the relation between 
the logarithm of the unit energy 


expressed the relative rate of unit strain energy in- 
crease. This relative rate of increase was computed 
for all points. Figures 13 and 14 show contour lines 
connecting the points at which the values of the ratio 
B,/ By, were equal. 
equal to or greater than the average value, the contours 
Where the rate was smaller, the contours 


Where the rate of increase was 


are full lines. 
are dashed lines. 

The rate of increase of the unit strain energy was 
greater than the average rate for the whole specimen 
in the trapezoidal-shaped area on either side of the 
opening in the two specimens, that is, in the region of 
the least cross-section area, and smaller in the region 
above the opening. The greatest rate of increase was 
found at the corners of the opening and the least rate 
in the area just above the close opening to the vertical 
center line of the specimen. 

The total energy absorption was almost the same 
at the same loads for Specs. Nos. 37 and 58, which were 
identical specimens. Therefore, when the plot of the 
rate of increase of unit strain energy in Fig. 13 is oom- 
pared with that of Fig. 14, the values in one diagram 
may be considered to be directly relative to those in 
the other. A comparison of the contours in these two 
figures reveals the following points of interest : 


absorption and the applied load was 
linear, as shown in the lower dia- 
grams of Fig. 12. The general equa- 
tion of these semilogarithmic plots 
was of the form, 


(12) 


where A determines the intercept 
of the curve on the unit strain en- 
ergy axis, B expresses the rate at 
which the unit strain energy in- 
creases and P is the applied load. 
It was observed in these tests that 


there was an insignificant variation 
of the value of A in the many 
plots and that the exponent B 
largely determined the magnitude 
of the unit energy value. Accord- 
ingly, the rate at which the unit 
strain energy increased at the var 
ious points on the specimen was 
analyzed by computing the value of 
the exponent B. 

Since the exponent B is the slope 
of the semilogarithmic plot, a com- 
parison of the rates of increase of 
the unit strain energy at the differ- 
ent points was made by comparing 
these slopes. When the slope of the 
average unit. strain energy absorp- 
tion for the whole specimen was 
termed B,, and the slope at any 
point n as B,, the ratio, B,/ Bay. 
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Fig. 13 Contours of the equal rates of energy absorption. Spec. No. 37 
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Fig. 14 Contours of the equal rates of energy absorption. Spec. No. 38 
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1. The areas of high and low values were more 
spread out in the case of Spec. No. 37 tested at 76° F. 
than in Spec. No. 38 tested at —20° F. The area in 
which the values of the rate of increase were greater 
than unity was 46°% of the gaged area in the former 
specimen and 36°% in the latter. 

2. The values of the rate of increase varied from 
0.71 to 1.30 for the room-temperature test and from 
0.59 to 1.27 for the low-temperature test. While 
the maximum rate of increase was almost equal for 
the two tests, the range of variation was greater for 
the low-temperature specimen. The gradient of the 
rate of increase was steeper in the test at the lower 
temperature. 

It must be remembered in comparing the numerical 
values of the contours in Figs. 13 and 14 that they are 
exponential values and that the variation from the 
minimum to the maximum value represents quite a 
large difference in the energy absorption. 


4. Computation of the True Stress Distribution 
on Transverse Cross Sections at the Ultimate 
Load 


The true stresses at ultimate load on the same four 
transverse cross sections of Specs. Nos. 37 and 38 were 
computed by the use of Equations 10 and 11 in Section 
If of this report and the data of the true stress-strain 
curves presented in Figs. 4 and 6. The experimentally 
determined values of Poisson’s ratio were also used. 
The true stress distribution in the axial, or vertical, 
direction of the specimen computed on these four cross 
sections is shown for Spec. No. 37 in Figs 15 to 18, 


COMPUTED TOTAL LOAD + 694" 
TESTING MACHINE LOAD» 800% 


= 7 y 


20 4 Fa 
| 


7 T 
: | fe 
E 
roly 
Z 5 
60 


° 5 10 2s 30 
OISTANCE FROM LEFT EDGE OF PLATE 


Fig.15 Distribution of true thickness, axial true stress and 
force per inch for transverse section a-a at maximum load 
of 800 kips. Spec. No. 37 
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Fig. 16 Distribution of true thickness, axial true 
stress, and force per inch width for transverse section 
b-b at maximum load of 800 kips. Spec. No. 37 


inclusive, and for Spec. No. 38 in Figs. 19 to 22, in- 
clusive. The actual or true thickness of the plate and 
the force per lineal inch of the actual plate width are 
given in these figures also. 

If these stress distributions are examined in a general 
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fig. 17 Distribution of true thickness, axial true stress, 
and force per inch width for transverse section c-c at 
maximum load of 800 kips. Spec. No. 37 
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way, it may be seen that their pattern was similar to 
that which would occur under elastic stresses. The 
stress distribution in the region of the opening was 
nonuniform with the highest values of the tension stress 
near the corner. On the cross sections more remote 
from the opening, the stress distribution became more 
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Fig. 18 Distribution of true thickness, axial true stress 
and force per inch for transverse section d-d at maximum 
load of 800 kips. Spec. No. 37 
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Fig. 19 Distribution of true thickness, axial true stress 
and force per inch for transverse section a-a at maximum 
load of 915 kips. Spec. No. 38 


nearly uniform, but was still far from uniform. Low 
tensile stresses or even compression stresses were present 
in the area just above the opening. The pattern of the 
stress distribution in Specs. Nos. 37 and 38 was much 
the same, but the values of the true stresses in the latter 
were higher than in the former specimen because of the 
higher load which was being applied. 

The correctness of the individual stress values can 
be surmised only intuitively. In the calibration tensile 
tests, the average true stress at which necking began 
was 75,500 psi. in the tests at 76° F. and 81,600 psi. in 
the tests at —20° F. The average true stress at frac- 
ture was 122,500 psi. in the former tests and 115,400 
psi. in the latter. The maximum true stresses plotted 
in Figs. 15 to 22 were of the same order of magnitude as 
these true stresses found in the calibration tensile tests. 
Their magnitudes were also such as might be expected 
in a notched plate at its ultimate load. 

It is interesting that the maximum values of the true 
tensile stress occurred in the regions where the greatest 
unit energy absorption was found. The fracture in 
both specimens was initiated in the corner of the open- 
ing where the highest values of the energy absorption 
and the true stress appeared. 

An indirect method of checking these true stress 
values is to sum up the stresses on different transverse 
cross sections of the specimen to obtain the total applied 
force. A comparison of the values of the total load 
found by integrating the upper curve in Figs. 15 to 22, 
the diagram which shows the force per lineal inch of 
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Fig. 20 Distribution of true thickness, axial true stress 
and force per inch for transverse section b-b at maximum 
load of 915 kips. Spec. No. 38 
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Fig. 21 Distribution of true thickness, axial true stress 
and force per inch for transverse section c-c at maximum 


load of 915 kips. Spec. No. 38 


plate width, with the actual testing machine load a 
ultimate load is as follows: 


Cross section ( omputed total load, lh 


Spec. No. 37 at temperature of 76° F., load of 800,000 Ib 


a-a 804,000 
b-b 750,000 
c-c 784,000 
d-d 720,000 
Spec. No. 38 at temperature of —20° F., load of 915,000 Ib 
a-a 1,060,000 
b-b 1,126,000 
c-¢ 1,100,000 
d-d 1,032,000 


Reasonably good correlation was found between the 
values of the total load derived from the computed 
values of the true stresses and the actual testing ma- 
chine load. 


Vil. SUMMARY AND CONCLUSIONS 


Two methods of analysis of plastic flow, the octahedral 
theory for computing the unit energy absorption and a 
method developed in the course of this investigation for 
computing true stresses, were applied in the case of 
two large plates with square openings with rounded 
corners. The first failed with a completely shear frac- 
ture at a temperature of 76° F. and the second with a 
fracture 91°% cleavage at a temperature of —20° F. 


Both methods of analysis utilized the experimental 
strain data from these tests. 
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Fig, 22 Distribution of true thickness, axial true stress 


and force per inch for transverse section d-d at maximum 
load of 915 kips. Spec. No. 38 


From the limited application of the octahedral theory 


made in this investigation, it was found that this method 
of analysis gave unit energy distributions, which, when 
integrated, produced values of the total energy absorp- 
tion that agreed fairly closely with the energy absorp- 
tion determined from the load-average elongation curve. 
This method presents a dependable, though laborious 
means of studying plastic flow and fracture in structural 
members. These conclusions are essentially those 
which resulted from an earlier application of the 
method.* 

The two specimens absorbed approximately the 
same amounts of energy at the same loads up to the 
ultimate load, although one failed with a completely 
shear fracture and the other with a fracture almost 
However, the gradient of the 
rate of increase of the unit strain energy was steeper 


completely cleavage. 


in, the latter than in the former and the greater part of 
the total energy was absorbed in a smaller portion of 
the specimen. 

The method of computing true stresses in the plastic 
range of the material was applied for the first time and 
gave results which correlated reasonably well with the 
observed data. The method would not work well in 
the so-called “flat’’ portion. of the stress-strain curve 
and, at stresses in the range where necking of the mate- 
rial is occurring, would be subject to some interpretation, 
since Poisson’s ratio has an anomalous meaning, if 
applied in this range. Further applications of the 
method are required to test its reliability. 
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Vill. SYMBOLS 


= unit strain energy, in.-lb. per cubic inch. 

= octahedral shear stress, psi. 

octahedral shear strain. 

.Yy = coordinate axes, the rolling direction and 
the applied tensile force are parallel 
to the y-axis. 

= coordinate axis perpendicular to the plate. 

true stresses, psi. 


Or, Oy, Fe 

€&, = natural strains. 

3,, 8), = true stresses from an experimental true 
stress-strain diagram, psi. 


= natural strains from an experimental true 
stress-strain diagram. 
E,,, Ey, = tangent moduli as determined from the 


true stress-strain diagram in the 
and y-direction, psi. 

8,, 8, = intercepts of the tangent to the true stress- 
strain diagram on the natural strain 
axis. 

Poisson's ratio in this report is interpreted 
in terms of natural strains: 


Mery, Myr 


e = base of the natural logarithm. 

r = applied axial force, kips. 

A = intercept on the u-axis of a semilogarithmic 
plot of u against the applied force P. 

B = slope of a semilogarithmic plot of u against 
the applied force P. 
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Discussion by Samuel T. Carpenter 


The authors state that the two specimens, No. 37 
and No. 38, absorbed approximately the same amounts 
of energy at the same loads, although one failed with a 
ductile fracture and the other with a cleavage fracture. 
The energy values given for the two specimens do not 
bear out this statement. As a matter of record they 
are not closely equal, and at the higher equal loads, 
specimen No. 38 which failed in cleavage, had the 
higher energy absorption. 

It is not altogether surprising that specimen No. 38, 
tested at —20° F. had a greater ultimate strength and 
energy absorption to maximum load than specimen No. 
37 tested at 76° F. An increase in ultimate tensile 
stress as temperature is lowered, is shown by tests on 
ASTM standard tensile bars. Also, tests conducted 
recently at Swarthmore College indicate that strength 
and energy absorption need not be relatively impaired 
by a cleavage fracture at a lower test temperature if 
the acuity of the notch is that of a circular curve of 
large radius. In fact, transition temperature could 
not be determined from the curves of energy to maxi- 
mum load plotted against temperature due to the ab- 
sence of the characteristic discontinuity in the transi- 
tion temperature zone. 

It appears to the writer that equations 6 and 7, ex- 
pressing the strains at a point in a plastic plane stress 
problem may be assumed to be approximate only if 
M28, and y,,8, are small. These latter two ex- 
pressions should be added respectively to the right 
hand side of Equations 6 and 7. 

The writer believes that it is not essential to extend 
the data to final load distributions as the unit energy 
absorption contours are far more descriptive. When 
the material at a local point has absorbed its maximum 
unit energy, at a given temperature, fracture will occur. 
Comparisons of various specimen geometries can be 
made on this basis alone. 


Samuel T. Carpenter, Dept. of Civil Engineering, Swarthmore Coliege 


Discussion by Captain W. P. Roop 


The “derivation” of Section III assumes a stress- 
strain curve of the linear form as shown in Fig. |. But 
in Fig. 4 the stress on the assumption is, in a typical case 
of 10% strain, 90 kipsi. instead of the observed 70. Is 
this error negligible? 
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Figure 1 


Captain W. P. Roop, U.S. Navy (Ret.) 
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Other assumptions also hold only outside the region of 
high strain. That, however, is the most, perhaps the 
only, important region. Are we to write off everything 
in the report referring to it? 

I do not see how Section III helps in obtaining Fig. 5, 
but in any case we should know whether Fig. 5 is sub- 
ject to the errors above mentioned at higher strain val- 
ues. On what is the statement at the end of Section 
III based, that the method “involves little approxima- 
tion?” 

It is, however, encouraging to find efforts made to ex- 
tend the study of strain distributions. Accepting the 
results of Figs. 8 and 11, we note that the highest locali- 
zations are of the same order as in the acutely notched 
Swarthmore plates. The difference lies in the extent 
and disposition of the region of high strain. 

The average unit energy absorbed seems, as would be 
expected, higher over the whole specimen than in the 
presence of an acute notch, but no data on this have 
been seen. A value of about 2000 in.-lb. per inch cube 
seems to have been attained. 

The energy values presented refer only to conditions 
at maximum load and at various stages on the way 
there. Fracture received no consideration, although I 
believe that close scrutiny of the points of highest con- 
centration would reveal incipient cracks. If not 
would the authors please say so? 

Since time elapsed between the stages of loading, 
enough to permit measuring up the grids, aging may 
have made the results different from what would have 
been found in steady advance without interruption. 

The curves of local strain on load may have some 
significance, and it would be interesting to have the 
authors’ further comment on them 

In Fig. 12 it appears that the different curves nearly 
coincide, but that the difference between the two 
specimens lies mainly in the distance traversed up this 
ascent before maximum load is attained. This raises 
the question as to how two identical specimens tested 
at different temperatures shall be judged to be at 
equivalent stages in progress toward fracture. It is 
often supposed that the stage of maximum load is 
somehow equivalent in such different specimens if they 
traverse the same load-elongation curve, differing only 
in the points at which they break off. 

But in the present case we see the anomaly that the 
colder (and hence more brittle) specimen absorbs half 
again as much energy before maximum load as the 
ductile one. Is this just a matter of more strength? 
The authors’ comment will be read with interest. 


Discussion by M. J. Letich 


The authors are to be congratulated for their efforts 
in attempting to translate laboratory test data into re- 
It is true that 
even following these additional interpretations the re 


sults that may be more broadly useful. 


M. J. Letich, American Bureau of Shipping 


! See Bibliography 


APRIL 1952 Vasarhelyi, Hechtman 


sults can not be considered of immediate practical appli- 

cation, but they definitely represent a step in the right 

direction. 

An attempt to utilize the experimentally obtained 
grid data from two plates containing rectangular open- 
ings, one tested at room temperature and the other at 
— 20° F. to determine the unit strain energy distribution 
by the octahedral theory, is indeed a worth-while under- 
taking that may set an interpretative pattern for future 
investigations of this nature. 

A previous application of this method by 8. I. Liu and 
8. T. Carpenter! on the plastic deformation of two in- 
ternally notched steel plates under axial tension yielded 
results which checked with measured values. In this 
study it was noted that unfortunately the grid measure- 
ments took so long that about a week elapsed between 
unloading and reloading, and in consequence strain ag- 
ing became an important and disturbing factor. By 
comparison, in the present investigation only 40 min. 
were required for obtaining complete readings at a 
given load, using the rectangular grid system of hori- 
zontal and vertical slide wire resistance gages developed 
by the authors for this study. (These gages will be 
described in a future paper.) 

The authors mention that the grid system covered 
one side of the specimen and only a portion of the other 
face of the plate. While it is true that this procedure 
greatly reduced the number of gages to be read, this re 
duction in the number of gages may have contributed 
te several anomalies noted. When comparing contours 
shown in Figs. 22 and 16, it is noted that irregular 
strain patterns are produced, probably due to buckling 
Had complete grid systems been used on both sides of 
the specimens, thereby permitting average values to be 
used, the symmetrical distributions expected from the 
geometry of the specimen would undoubtedly have been 
possible. In connection with the interpretation of 
strain data, it is not clear whether the sagitta gage read- 
ings were used to correct the contours of Specimen 37. 

In the application of the octahedral theory to the 
problem of plastic deformation, the equations used by 
the authors are based on the following necessary as- 
sumptions: 

1. That the material behaves isotropically through- 

out the plastic range. 

2. That the directions of the principal stresses and 

of the principal strains coincide at all times. 

3. That the entire strain energy is distortional en- 
ergy, i.e., the volume of the deformed body re- 
mains constant. 

The only value of Poisson’s ratio in both directions 

The dis- 


cusser is at a loss to understand why it was felt that the 


that will satisfy assumptions | and 3 is 0.5. 


experimental determinations of this ratio were deemed 
necessary. The experimental values of the Poisson ra- 
tio determined at 76° F. for both the axial and trans- 
verse directions of the specimen varied only by about 
6°. Within reasonable experimental area, all values 
determined are close to 0.5, and for the sake of simplic- 
ity that value could have been used in all calculations 
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The method of analysis presented by the authors, 
although laborious, appears to be a most useful method 
for studying the plastic behavior to fracture of struc- 
tural members containing discontinuities or notches. 
Its present application to two identical plate specimens 
having square openings with rounded corners and tested 
at — 20° and 76° F. showed no appreciable difference in 
energy absorbed. To demonstrate the complete valid- 
ity of the method, it must be applied to specimens show- 
ing full-brittle failure. This will require a very low 
testing temperature, particularly for the '/, in. thick 
specimens. If this is not possible, the method should be 
applied to thicker specimens tested at sufficiently low 
temperatures to obtain brittle failures. 


Authors’ Closure 


The criticism and the suggestions of the discussers 
are very much appreciated. Since the whole approach 
to the study of the plastic deformations is still in the ex- 
ploratory state, any idea different from those presented 
by the authors may open up new aspects of the problem 
and point to better ways to the solution. 

The fact that the energy absorption of Specimens No. 
37 (76° F.) and No. 38 (—20° F.) fall closely within 
the same range at the same loads, may have been given 
undue emphasis by the authors, as Professor 5. T. 
Carpenter points it out. However, his statement that 
“at the higher equal loads, Specimen No. 38 which 
failed in cleavage had the higher energy absorption” is 
only partly correct if one examines the energy values 
obtained by the octahedral theory and is completely 
reversed if one accepts the energy values obtained from 
the area under the load-elongation curve. In the 
authors’ viewpoint, the application of the octahedral 
theory yields total energy values which are somewhat 
approximate, as any computation of energy or stress in 
the plastic range will be, while the total energy obtained 
from the load-elongation curve may be a better basis of 
comparison. 

It should have been pointed out in the paper, that the 
terms u,,8, and u,,8, in Equations 6 and 7 were neg- 
lected. The final results obtained by the formulae 
seem to justify this process, although it is hard to verify 
theoretically by what circumstances the above men- 
tioned members are “small enough.’’ Moreover, if 
these terms should be considered sufficiently large to 
be included in Equations 6 and 7, it should be noted that 
they would ultimately disappear in the conversion of 
Equations 8 and 9 into the form given in Equations 10 
and 11. 

The results of a few other tests, both prior and sub- 
sequent to those described in this paper have given 
stress distributions which further tend to bear out the 
applicability of Equations 10 and 11 to problems of 
plastic flow in structural steel where the stress levels lie 
between the end of the so-called “flat portion’’ of the 
stress-strain curve and the stress at which local necking 
begins. 
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Professor Carpenter’s remarks to the effect that 
cleavage fracture can follow a considerable energy ab- 
sorption are most timely. It is unfortunate that the 
results of investigations such as the ‘‘wide plate tests’’ 
have been taken by many engineers to mean that cleay- 
age fracture is always associated with a small energy 
absorption. 

The authors are not ready to accept fully Professor 
Carpenter’s remarks that “when the material at a local! 
point has absorbed its maximum unit energy, ad a given 
temperature, fracture will occur,’ when this statement 
is applied to welded members such as those tested in 
this investigation. Such a statement is still a hypothe- 
sis which tests such as these in sufficient quantity may 
someday substantiate. For this reason, the authors 
prefer to approach the problem of failure of welded 
structures from the standpoint of both maximum energy 
absorption and stress distribution. 

No special attention has been paid to the value of 
average unit strain energy absorptions, since its local dis- 
tribution was considered more significant. 

The procedure used in measuring the surface strains 
on the plate specimens adequately provided for possible 
curvature of the plate during the test. 
gions of both specimens, the grid system was located on 
In the remain- 


In some re- 


the two opposite faces of the specimens. 
ing regions where the curvature during the test was ex- 
pected to be of negligible amount, sagitta readings were 
taken. 

The three assumptions which Mr. Letich refers to in 
his discussion were used in the derivation of the equa- 
tions for the octahedral theory in its original form by A. 
Nadai. 
tion. Only the second assumption is necessary for the 


Poisson's ratio does not enter into this deriva- 


derivation of the formulae for stress in Equations 10 and 
11. Since the value of 0.5 for Poisson's ratio arises 
from the assumptions of theory and little information is 
available concerning its validity from an experimental 
standpoint, the authors thought it wise to determine 
whether any anisotropy developed by rolling of the 
steel plate during manufacture existed. The results of 
the present tests indicated that the assumption of a 
value of 0.5 for Poisson’s ratio in future plastic stress 
computation is entirely justified. 

The writers are aware of the excellent descriptive 
value of the unit strain energy contours as pointed out 
by Professor 8S. T. Carpenter as well as by Mr. M. J. 
Letich.. Comments about the suggested manner of 
analyzing the rate of increase of unit strain energy ab- 
sorption as presented in Figs. 13 and 14 of the paper 
would have been welcomed. 

The authors do not clearly understand the nature of 
the question reised by Captain Roop in the first three 
paragraphs of his discussion. If it is thought that the 
true stress-strain curve has been assumed to be linear 
in the region between the end of the “flat portion’ of 
the curve and the stress at which necking begins, the 
intent of Fig. 1 in the paper has been misunderstood. 
The intercept 8 is a varying one, different for each value 
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of the natural strain. Furthermore, the equations of 


stress in Section III of the paper were not used in the 


construction of Fig. 5, which instead was computed by 
the use of Equations 1, 2 and 3. 

Since the strain data used in the computation of the 
energy distribution at maximum load by the octahedral 
theory were taken at the moment immediately 
very small shear fracture had been initiated, they do not 


after a 


include, in any significant degree, the energy necessary 


to the ductile propagation of a crack. 


In closing, the authors thank all of the discussers for 
their contributions which add much to the value of the 
paper. Some of the comments of the discussers have 
arisen from a misunderstanding of the points presented 
the not surprising 


since the presentation of a considerable 


in original paper, a circumstance 
amount of in- 
formation brief. It 
hoped that those dealing with problems of plastic de- 
formation of plates with openings or internal notches 


will find the information useful. 


was necessarily made rather is 


Fatigue Tests on Aluminum Alloy 


Spot-Welded Joints 


§ A comparison of results of fatigue tests of spot-welded 
joints in sheets of various high-strength aluminum alloys 


by Marshall Holt and E. C. Hartmann 


INTRODUCTION AND OBJECT 


OR several years, the Aluminum Research Labora- 
tories has been conducting a series of fatigue tests 
on lap joints made in strips of Alclad 0.064-in. 
thick sheet, each joint containing a single spot 


Marshall Holt and E. C. Hartmann are connected with the Aluminum Re- 
search Laboratories, Aluminum Company of America, New Kensington, Pa 


weld at the center of the lap. The purpose of these 
tests been to evaluate and compare the fatigue 


strength of such joints made in sheet of various high- 


has 


strength aluminum alloys. This paper presents the 
results of these tests and compares them with those 


from other investigations. 


MATERIALS AND SPECIMENS 
Alelad sheet of the alloys and tempers listed in Table 


1 were used in these tests. The tensile properties given 


Table 1—Mechanical Properties of Sheet Used in Fatigue Tests of Spot-Welded Joints 


Parallel to direction of relling 


Normal to direction of rolling 


Com- Com- 
Tensile pressive Tensile pressive 
yteld yield yield yield 
strength strength strength strength, 
Alloy ——Thickness, in. Tensile (Offset = Elongation (Offset = Tensile (Offset = Elon- (Offset = 
and Alclad strength, O8% in 0.2% strength, 0.2%), gation 0.2% 
temper Sheet coatingt psi. 2in., % psi. pst. psi in 2in., % pst. 
Alclad 248-T3 0.064 0.0016 51,700 20.5 66,850 44,400 19.0 
Alclad 248-" rsi* 0.064 0.0016 62,500 6.5 61,750 67,250 60,150 6.5 62,400 
Alclad 248-T36 0.066 0.0016 60,900 15.5 70,050 54,100 14.0 
Alclad 248-T86? 0.068 0.0016 69,650 6.5 72,650 68 ,200 6.5 
Alclad 758-T6 0.064 0.0018 71,200 14.0 78,800 66 ,850 14.0 
Alclad 148-T4 0.064 0.0018 47 ,300 21.5 37,050 64,850 40,350 20.5 43,600 
Alclad 148-T6 0.064 0.0018 62,050 11.0 61,650 68 , 200 60,700 9.5 64,300 
* Also tested as artificially aged after spot welding, 12 hr. at 375° F. 
t Thickness of coating on each side. 
t Also tested as artificially aged after spot welding, 8 hr. at 375° F. 
All tensile tests made in accordance with ASTM Standard Methods of Tensile Testing of Metallic Materials (E8-46 
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Table 2—Data on Spot Welds in Simple Lap Joints. 


Capaci- 
tance, Energy, 


Alloy and temper Volts mfad. watts, sec. 


,080 
, 200 
200 
, 200 
, 320 
000 
250 


Alclad 248-T3 2430 2400 
Alclad 248-TS1 2450 2400 
Alclad 245- T 36 2450 2400 
2450 2400 

2470 2400 

4 2700 2600 

Alclad 1 is T6 2670 2600 


Trans- 
former 


ratio 
450: 
450: 
450: 
450: 
450: 
302: 
302: 


1 
1 


Welds Made on D.-C. Stored-Energy Machine 


O68 25-in. Tip 
diam, lips pressure, 


Top 
4-in. 
4-in. 
4-in. 
4-in. 
4-in. 


3-in. 


3-in. 


Bottom lb.* 
+ 1000 
+ 1000 
+ 1000 
+ 1000 
+ 1000 
+ 1000 
+ 1000 


»ressure applied 10 milliseconds after start of firing. 


A chemical cleaning procedure was used to give less than 50-microhm faying-surface resistance. 


Fig. 3(right) ARLrotating beam fatigue testing machine 

designed and built at Alaminum R esearch Laboratories in 

1942. Shows adapters for maintaining alignment of fix- 
tures while inserting specimen we 


compare favorably with the published values for the 
various materials and meet the respective specifications 
requirements. The artificially aged materials were 
obtained from the same lots of material as the corre 
sponding naturally aged materials. 

Data on the spot-welding technique used are given 
in Table 2. All welds were made with d.-c. stored- 


SPACES at 102° 


(.064") 


Fig. 1 Panel from which specimens were cut 


/ 25" DRILL @ REAM \ 


de. GAGE (.064") 


Fig. 2 Spot-welded fatigue specimen cut from panel 
shown in Fig. 1 
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Fig. 4 Krouse direct-stress fatigue testing machine 
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Fig. 5 Fixtures for loading joints in ARL rotating beam 
fatigue machine 


energy equipment using procedures which can be 
considered commercial. The panels from which the 
individual specimens were cut were 20 in. long and 
consisted of two sheets of 0.064-in. thick material with 
an overlap of */, in. The spot welds were spaced 
1'/, in. apart so the individual specimens, each con- 
taining a single spot, could be cut and machined to a 
width of 1 in. The panels and individual fatigue 
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Fig. 7 Results for Alclad 248-T3 and Alclad 248-736 
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specimens were as shown in Figs. land2. The specimens 
for static test also contained a single spot weld but 


were somewhat longer than the fatigue specimens. 


METHODS OF TESTING 
Two different machines were used during the testing 
of the fatigue specimens and were found to give good 
agreement in check tests of identical specimens. The 
machines are shown in Figs. 3 and 4. The ARL 
rotating-beam fatigue machine shown in Fig. 3 was 
designed and built at the Aluminum Research Labora- 
tories in 1942 and operates at 1750 rpm. It was used 
for most of the tests. The fixtures for testing a set 
of four specimens in this machine are shown in Fig. 5 
During the test, the fixtures and specimens formed 
part of a rotating beam, the central portion of which 
was subjected to a uniform bending moment. ‘The 
spot welds were thus subjected to a cyclic shearing 
load which varied from a maximum in one direction 
to the same value in the opposite direction (completely 
reversed stress) 


A Krouse direct-stress fatigue machine having a 
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Fig. 8 Results for Alclad 248-781, artificially aged before 


and after spot welding 
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Fig. 9 Results for Alclad 248-786, artificially aged before 


and after spot welding 
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Fig. 10 Results for Alclad 75S-T6 


maximum capacity of 5000 Ib. is shown in Fig. 4. 
This machine is also provided with fixtures for testing 
a set of four specimens. It operates at 1500 cpm. 
Although this machine is adjustable to give any desired 
the tests were made with completely 
reversed stresses. 

Each of these machines is equipped with a limit 
switch which automatically stops the machine when 
Each also has a counter for deter- 


loading cycle, 


a specimen fails. 


mining the number of cycles of load. The tests in 
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Fig. 11 Results for tlelad 14S-T6 


which the expected life of the specimens was less thau 
about 1000 cycles were made in the Krouse machine, 
with the machine operated by hand and the number 
of cycles counted. 

Usually only one of the four joints failed in fatigue 
and the assembly then collapsed. Occasionally it 
was difficult to determine the location of the initial 
failure, whether in the spot weld or sheet, 
the joints were mutilated considerably by the time 
the machine came to rest. 
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CYCLES 
Fig. 12 Comparisons with results of other investigations of fatigue strength 
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RESULTS AND DISCUSSION 


The test results are summarized in Figs. 6 to 12. 
It will be noted that there are a few data points which 
are outside the band shown in Fig. 6. All of these 
erratic points, some high and some low, were obtained 
from tests involving individual specimens from near 
the ends of the panels. Some of these spot welds were 
slightly noncircular when viewed on the exographs 
but otherwise appeared to be normal. Many of the 
spot welds showed cracks in the exographs taken 
before testing but the percentage of cracked spots was 
no higher in the group that gave high or low results 
Careful ex- 
amination failed to reveal any correlation between the 


than in the remainder of the test specimens. 


appearance of the individual spot welds in the exo- 
graphs and their performance in the fatigue test. 

A study of the various S-N curves in relation to 
the over-all band (Figs. 7 to 11) shows clearly that 
the fatigue strengths of spot-welded joints are not 
greatly influenced by the alloy and temper of the 
sheet, especially for numbers of cycles exceeding about 
1000. No one alloy was consistently best or worst 
in resistance to fatigue, although the good showing 
Alclad 248-T3 at the higher numbers of 
Figures 8 and 9 show that 
artificial aging of the sheet after spot welding does 


made by 
cycles is worthy of note. 
not appear have much influence on the fatigue 
strength. 

The failures encountered in this investigation were 
approximately evenly divided between shear of the 
spot welds and fractures in the sheet adjacent to the 
Nearly all of the failures at the lower 
numbers of cycles were in the spots while most of those 


spot weld 


at the higher numbers of cycles were in the sheet. 
The dividing line between the two types of failures 
came at numbers of cycles ranging from about 8000 to 
80,000. It is probably significant that this range 


” 


corresponds to the position of the “step”? which seems 
to exist between the left- and right-hand portions 
of the S-N curves. More data would be needed to 
determine whether or not such a “step” is characteristic 
of fatigue curves on spot-welded joints. 

Figure provides a comparison of the results of 
this investigation with those of other investigations 
It is evident that all types of joints are weaker than 
the parent material, as would be expected. Of more 
interest is the fact that the spot-welded joints 
are weaker in fatigue than either type of riveted joint 
investigated even though the static strengths of the 
spot-welded joints equal or exceed those of the riveted 
joints. The fact that the spot-welded joints in this 
investigation gave better fatigue strengths than those 
reported in Reference 1 can probably be attributed 


to improvements in thé spot welds themselves brought 
about by advances in the art of spot welding 


CONCLUSIONS 
The following conclusions are based on the data and 
discussion presented in this paper on the fatigue 
strength of joints in 0.064-in. thick Alclad aluminum 
alloy sheets with a single spot weld in each: 
1. The S-N curves for all of the 
materials investigated lie within a rather narrow band. 


various sheet 


No one alloy or temper of sheet consistently gave the 
highest or the lowest fatigue strengths. 

2. There was no correlation between static strength 
and fatigue strength of spot welds. 

3. There was no evident correlation between the 
appearance of the spot welds in the exographs and 
While a few 


erratic test results were obtained, these did not seem 


the performance under fatigue loadings. 


to correlate with good or poor appearance in the exo- 
graphs. 

4. Nearly all the failures at low numbers of cycles 
in this investigation were by shear of the spot weld 
itself. At the higher numbers of cycles the predomi- 
nant type of failure was a fracture in the sheet at the 
edge of the spot weld. The dividing line between the 
two types of failure came at numbers of cycles ranging 
from about 8000 to 80,000. 

5. Artificial aging of aluminum alloy joints after 
spot welding produced no appreciable improvement 
in fatigue strength in this investigation. 

6. The fatigue strengths of lap joints with single 
spot welds seem to be inferior to those of lap joints 
with single rivets having approximately the same 
static strength regardless of whether the rivets are 
of the protruding-head type or of the countersunk- 
head type. 
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Fracture Initiation and Propagation in Welded 


Ship Steels 


§ An investigation and propagation of fractures in welded and prime 
plate indicates that the weld metal (E6010) electrodes cracked first 


by P. J. Rieppel and C. B. Voldrich 


Abstract 


The initiation and propagation of fractures in welded and 
prime-plate Kinzel-type transversely notched bead-bend speci- 
mens were investigated. The steels used were Ship Steel Com- 
mittee Project Steels “B,-” and “C”’ welded by E6010 electrodes 
In all welded specimens, the weld metal cracked first and at very 
low bend angles. Prime-plate specimens cracked only after a 
much greater bend angle was reached. The difference in the 
amounts of energy absorbed by welded and prime-plate specimens 
was found to be chiefly in the difference in energy absorbed by the 
specimens prior to the initiation of cracks 

Results of this work and that of many previously reported in- 
vestigations show that cracks are very likely to initiate in weld 
metal transverse to weld joints that are strained plastically in the 
longitudinal direction. Cracks from such origin may be the start- 
ing points of many structural failures, 

Results suggest that the data from many welded test specimens 
be re-examined in light of data presented in this paper. It 
seems likely that poor performance, which has been believed to 
be caused by heat-affected zones, may in reality be directly re- 
lated to weld-metal performance, 


INTRODUCTION 


AILURES of welded steel ships, during and since 

World War II, have stimulated many investigations 

on quality of ship steels and the influence of welding 

upon the performance of large welded structures. 
Many specimens, both large and small, have been 
designed to study properties of prime ship plate and 
weld joints in these materials. These specimens have 
ranged in size from Charpy notched-bar specimens to 
full-scale sections of hatch corners of ships. 


P. J. Rieppel and C. B. Voldrich are Assistant Supervisor and Supervisor 
respectively, Welding Research Division of the Battelle Memorial Institute 
Columbus, Ohio 


Paper was presented at the Thirty-Second Annual Meeting, AWS, Detroit 
Mich., week of Oct. 15, 1951 


Work described in this paper was sponsored by the Ship Structure Com- 
mittee under the Nawy Dept., Bureau of Ships Project SR-100, Contract 
NObs-48015 (1773) index No. NS 011-067. he opinions are those of the 
authors and not necessarily those of the Bureau of Ships, USN, or the Ship 
Structure Committee. 
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Major objectives of the research program have been 
to: (a) determine the causes of brittle fractures of 
ships; (b) develop steels with optimum properties for 
welded ships; and (c) develop small test specimens and 
testing procedures which can be used to predict the 
performance of steels and weld joints when used in 
large welded structures. 

Research was conducted at Battelle from July 1947 
to December 1950 on the last of these broad objectives, 
for the Bureau of Ships, USN, under the sponsorship of 
the Committee on Ship Steel of the National Research 
Council. A study was made of various small mechani- 
cal test specimens to evaluate their usefulness for pre- 
dicting the performance of steels and weld joints in 
large welded structures. Fundamental factors contrib- 
uting to the results obtained with certain specimens 
were studied in detail. 

In the early work at Battelle, a survey was made of 
published literature and unpublished information on the 
general subject. The test specimens described in the 
literature were appraised as to their relative merit for 
a study of strength, ductility and notch toughness of 
structural steels and welded joints in such steels. On 
the basis of this survey, four types of weld specimens 
were selected for further evaluation. Two hull-grade 
steels, Project Steels “B,” and “C,”’ which had been used 
in the full-seale hatch-corner tests, were used exten- 
sively in these tests. 

Studies were made with the small test specimens, and 
with several modifications of those which appeared to 
Tests were made on the weld 
In these stud- 


be the most promising. 
metals used in preparing the specimens. 
ies, series of specimens were tested over a range of 
temperatures to determine the temperature range in 
which transitions from ductile to brittle behavior 
occurred. The effects of preheat and postheat upon 
the performance of welded test specimens were also 
studied. The details of this work have been described 
in a previous paper, “Evaluation of Tests for Steels for 
Welded Structures,’ published in THe WeE.bING 
Journa, April 1950. In brief, results obtained with 
the Kinzel-type notched-bend specimens showed a 
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Table 1—Mechanical Properties and Chemical Compositions of Project Steels ““B,”" and “C™ 


Steel Type Yield 
code of Steel strength 
letter steel condition psi 
B, Semikilled As-relled 32,200 
34,600 
Cc Semikilled As-rolled 34,500 


37 , 600 


B, 0.18 0 73 0 07 0.008 0 030 
Cc 0.24 0.43 0.05 0.012 0.026 


Vechanical properties*: 


Ultimate Elongation Reduction 
strength, In 2 in., In 8 in in area, 
‘ 
pst 
55, 600 46-42 35-33 71-58 

600 
61,500 43-35 32-28 63-50 


Chemical composition, € 


Cr Vi Vo Cu Al Sn 


0.03 0.05 0.006 0.07 0.015 0.012 
0.03 0.02 0.005 0.03 0.016 0.003 


Hardne $8, 
rockwell 
B 


58-63 


66-69 


\ 
0. 005 
0 009 


somewhat better correlation with the results of full- 


scale hateh-corner tests than those obtained with the 


other test specimens studied. Both welded and un- 
welded Kinzel specimens showed that the ‘B,”’ steel 
generally gave better performance than ““C” steel. The 
Kinzel specimen also showed that welded specimens 
always gave poorer performances than prime-plate 
specimens. Preheat and postheat treatments generally 
improved the performance of welded specimens. For 
these reasons, a detailed study was made on fracture 
initiation and propagation in the Kinzel specimen to 
obtain basic information on its performance. This 


information was desired as background for interpreting 


and evaluating the results obtained with this and simi- 
lar specimens. 


The details of the fracture-initiation and propaga- 
tion studies on the Kinzel specimens are described in 
this paper. Briefly, the results showed that fractures 
always developed in weld metal considerable in advance 
of their development in other areas. This early weld- 
metal failure dominated, or greatly controlled, the 
over-all performance of the test specimen. lh 


other 


words, the weld-metal failure “triggered” the failure of 
the specimen. 


FRACTURE-INITIATION AND PROPAGATION 
STUDIES ON KINZEL-TYPE SPECIMENS 


The initiation and the propagation of fracture were 
studied in both welded and prime-plate specimens. The 


specimens were made of two steels, “B,” and “C, 


which had been used extensively in previous research. 


The mechanical properties and chemical compositions 
of the steels are given in Table 1. 


PREPARATION OF TEST SPECIMEN 
The details of the Kinzel-type specimen are shown in 


Fig. 1. The coupons for the specimen were saw cut 


from the plates of “B,” and “C” steels, and the surfaces 
were cleaned by grit blasting. The direction of rolling 


for all coupons was parallel to the longitudinal direction 


of the finished specimen. 
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* Boodberg, A., Davis, H. E., Parker, kh. R., and Troxell, G. E., “ 
Plates,” Tue Weipine JourNAL, 27 (4), Research Supplement, 186-s to 199-s (1948). 
+ The data for the mechanical properties are the lowest and high 


est values obtained for each steel, 


Causes of Cleavage Fracture in Ship Plate—Tests of Wide Notched 


For welded specimens, the weld beads were deposited 


on the coupons by automatic welding using the follow- 


ing schedule: 


AWS electrode classification 
Electrode diameter, in 
Amperes 

Are volts 

Speed, in. /min 

Are time, sec 

Length of weld bead, in 
Heat input, joules /in 


E6010 
175 
27 

6 

40 

14,750 


All of the specimens were welded at room temperature 


and cooled in air. The aging time between welding and 


testing was eight days at room temperature 


During 


the aging period, the final machining was done accord- 


ing to the sketch shown in Fig. 1. The sice 


A A 

Direction of —-, 


«454 


Fusion line 050" 
i _Weid SSSSa 
metal 
4 
4 
Base 
plete <Root radius 
Section AA” Detail 
(on € of weld bead) 
~ ~ 
a 


Bending- jig dimensions 


of the 


Top 
surface 
of plate 


Fig. | Bend specimen with longitudinal weld bead and 


transverse notch ( hinszel design 
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specimens were finished by grinding, and the notches 
were made with a fly cutter to accurately obtain the 
prescribed root radius. 

Prime-plate specimens were machined to the same 
dimensions. 


Selection of Testing Temperatures 


Since the modes of fracture at temperatures well 
above and well below the transition temperatures of a 
given specimen are shear and cleavage, respectively, 
it was decided to look for differences in crack- initiation 
and propagation characteristics in the upper and lower 
parts of the transition-temperature range. It would 
have been desirable to make the tests at a range of 
temperatures, but the scope of the project limited the 
studies to the two conditions described above. 

The transition-temperature ranges for Kinzel speci- 
mens of “B,” and “C” steels were known from previous 
work. There was no problem in the selection of a test 
temperature in the upper part of the transition-tempera- 
ture range for the test in which ductile behavior, with 
shear fracture, was desired. However, the selection of 
a test temperature for brittle fracture was more difficult. 
When the test temperature was much below the transi- 
tion range, the specimens broke abruptly in the bending 
jig after very little deflection; this made jt impossible 
to detect the onset and progress of the fracture. It 
was necessary, therefore, to use a test temperature at 
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Absorbed Energy to Maximum Load, !O00 inch -pounds 


| 
+ 
4 mperctures | 
2 for fracture 
| studies 
ge 
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2 | 
| 
-40 40 «680 120 160 200 
Fig. 2 Absorbed-energy and fracture-appearance curves 


for welded and prime-plate “B,” steel Kinzel-type speci- 
mens, showing test temperatures used in fracture studies 
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Fig. 3 Absorbed-energy and fracture-appearance curves 


for welded and prime plate “*C” steel hinzel-type speci- 
mens, showing test temperatures used in fracture studies 


the lower end of the transition range, where the speci- 
men steel retained some ductility, so that the initiation 
of cracking could be detected. 

The test temperatures chosen for the 
zero and 80° F., for both welded and prime-plate speci- 
mens. 


steel were 


In Fig. 2 are shown absorbed-energy and frac- 
ture-appearance curves for “B,” steel, from data pre- 
viously reported. 
by dotted lines. 


The test temperatures are indicated 
The 0° F. temperature is close to the 
transition range of welded specimens, but much above 
that of the prime-plate specimens. Had a temperature 
below the transition range of the prime-plate specimens 
been chosen, the welded specimens would have failed 
completely by cleavage and no fracture data could have 
been obtained. Asa result, the data for unwelded “‘B,”’ 
steel specimens were nearly identical for both test tem- 
peratures, these temperatures being in the ductile 
range for both cases. 

For “C” steel, the test temperatures chosen were 40 
and 180° F., for both welded and unwelded specimens. 
As shown in Fig. 3, the lower test temperature, 40° F., 
was at the bottom of the transition ranges of both the 
primeplate and welded specimens. In fact, some of the 
welded specimens failed by cleavage at this temperature. 
It was observed in this study that differences in crack 
initiation of specimens tested above and below the transi- 
tion range are negligible. Temperature apparently 
had more influence on how cracks propagated in these 
specimens than on the time when cracking started. 


Testing Procedure 


Test specimens and bending jigs were immersed in a 
liquid medium at the test temperature for at least 5 
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min. before applying the load. Temperatures above 
the transition temperature were obtained by using 
A mix- 
ture of methyl cyclohexane and dry ice was used when 


water heated with resistance immersion coils. 


specimens were tested below the transition temperature. 

All specimens were preloaded to 1000 Ib. in an Amsler 
hydraulic-type testing machine. An Ames dial gage, 
located at the center of the specimens, was then set at 
zero to measure deflection during later loading. The 
preloading was used on all specimens to provide a uni- 
form starting point. After preloading, the specimens 
were bent at a rate of approximately 0.075-in.-per- 
minute displacement of the platen. 

Two or three specimens were bent at each of several 
deflections, ranging from 0.05 to 0.250 in. at midspan 
for welded specimens, and from 0.05 to 1.25 in. for 
Followmg deformation, the 
specimens were sectioned transverse to the notch, as 
shown in Fig. 4. 


prime-plate specimens. 


More sections were made in the 
welded specimens than in the prime-plate specimens. 

The sections taken from the specimens were polished 
and examined for cracks. Where cracks were present, 
their depths were measured. In welded specimens, 
cracks were identified by the zone in the notch root in 
which they originated, that is, weld metal, heat-affected 


zone or base metal. In prime-plate specimens, cracks 


were identified by location, as center or edge sections 
Average crack-depth data were tabulated and plotted 
against deflection. 


Prime Plate 


Welded 


Fig. 4 Method of sectioning prime-plate and welded 
specimens, after bending to various deflections 
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Fig. 6 Typical cracks or tears appearing in the heat- 


4 


Fig. 5 Typical cracks appearing at root of notch in weld 
metal of a specimen, deflected 0.050 in. at the center 


In prime-plate and welded specimens of both *B, 
and “C”’ steels, tested at the high and low temperatures, 
small cracks or surface tears were present in the root of 
the notch after 0.050-in. deflection at the center of the 
specimen. In both the prime-plate and welded speci- 
mens, these cracks occurred across the entire width of 
the specimen 

\ typical example of these cracks or “surface tears” 
is shown in Fig. 5. As shown in this figure, several of 
these cracks were often found in the root of the notch 
of one cross section 

At 400 X magnification, some of the surface tears 
were quite wide, as shown in Fig. 6, and showed evidence 
that plastic deformation had taken place. Some cracks 
were sharp and comparatively deep, as those shown by 
Fig. 5. However, at the 0.050-in. deflection, there was 
usually some evidence of ductility and the cracks resem- 
bled tears, as shown by Fig. 6. As the specimens were 
deflected further, the cracks often opened up at the 
sides of the root radius, as shown by Fig. 7, instead of 
in the center, as might be expected 
In Figs. 5 and 6, there is evidence that a very thin 


affected zone of a specimen deflected 0.050 in. 
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Fig. 7 Typical crack that has propagated with increase 


in deflection to 0.15 in. 


surface layer of metal at the root of the notch was cold 
worked by machining. This cold working may have 
contributed to the early initiation of surface tears. To 
follow up this point, the notches of two specimens were 
lapped out to a depth below the work-hardened region 
and tested. Surface tears occurred at the root of the 
notch in the same manner as on the previously dis- 
cussed specimens which were tested in the as-machined 
condition. 

Since removal of the work-hardened layer appeared 
to have no particular advantage, and since this investi- 
gation was concerned with normal Kinzel-type speci- 
mens, the notches of the specimens were left in the 
as-machined condition. 

In prime-plate specimens of “B,” steel, all of which 
were tested above the transition temperature, there 
were only a few surface tears when specimens were de- 
flected 0.050 in. The prime-plate specimens of “C” 
steel, which were tested at both high and low tempera- 
tures, contained surface tears after 0.050-in. deflection 
similar to those observed for “B,” steel. 

In welded “B,” and “C” steels deflected 0.050 in., 
the surface tears were similar to those observed for 
prime-plate however, there were 
surface tears in the welded specimens, especially in the 
weld metal and heat-affected zone of the weld. No 
significant difference was observed when comparing 
the number of cracks in welded specimens tested above 
and below the transition-temperature ranges for either 


specimens, more 


series. 


Crack Propagation 


As the deflection at midspan of the Kinzel-type speci- 
mens was increased beyond 0.050 in., one of the several 
discontinuous cracks or surface tears that was present 
at 0.050-in. deflection increased in depth. An arbi- 
trary depth of 0.005 in. was chosen to define a crack. 
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The deflection at which cracks become 0.005 in. deep 
was measured as follows: 


Deflection in Inches at Which Cracks Were 0.005 In. Deep 


“B,” Steel “C” Steel 
80° F. 0° F. 180° F 40° F 
Welded 0.15 0.15 0.10 0.06 
Unwelded 0.77 0.82 0.52 0.55 
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A summary of the crack-depth data of both the 
prime-plate specimens and welded specimens is given 
in Fig. 8. 

From these data, it was evident that cracks started 
to propagate beyond 0.005-in. depth in the welded 
specimens almost immediately, while the prime-plate 
specimens underwent considerable deformation before 
cracks propagated. It was noted that ‘€ 
mens cracked at lower deflections than “B,’”’ steel, and 
that temperature differences appeared to have very 
little effect concerning when cracks started to propagate. 

To demonstrate how cracks propagated, graphs were 
prepared as shown in Figs. 9 and 10 for welded and prime 
plate “C” steel tested at 180° F. 
strate the early fracture of the weld area of the welded 


steel speci- 


These figures demon- 


specimens, as compared with the prime-plate specimens. 
They are typical of all of the curves obtained from 


welded and prime-plate “B,”’ and “C”’ steels tested. 


Bend Angie, degrees 


Welded specimen of steel 40 F (Specimens generally broke 
before O2 im deflection 
0,065 
specimen of steel, F 
welded 
0060 : specimen of "Br" steel, OF 
0055 
Prime plate “Br” steei, BOF - 7 
0050 Prime piate “Br” stee!, OF — - 
0.045 
0040 +— Fusion line of weld ot 
= center of specimen 
& 0035 
= 
6 
3 Prime plote 
° wme plote steel 
5 0030 
$ 
Welded specimen 
q 9025 lof Br’ stee! ,180F 
0.020 | 
| 
0010 
0.005 
= 


Deflection, inches 
Fig. 8 Depth of cracks in welded and prime-plate Kinzel- 
type specimens of “B,”” and “*C” steel tested at various 
temperatures, and various deflections at mid-span 
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Fig.9 Crack propagation in welded “*C” steel Kinzel-type 
specimens tested at 180° F. (also see Fig. 13) 
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Fig. 10 Crack propagation in prime-plate “C” steel 
Kinzel-type specimens tested at 180° F. 


A typical erack in a welded specimen is shown by 
Fig. 11. 
in welded specimens is shown in Fig. 12. The step-like 


A typical pattern by which cracks propagated 


pattern appearing on the fractured surface represents 
progressive steps in the propagation of the crack as the 
specimen was bent. The crack- 
under 
the welds for the early stages of 


pattern lines were deepest 


the cracking and decreased in depth 
on either side of the weld through 
the heat-affected zone and unaffected 
base metal. 


Crack Propagation and Energy 
Absorption 


The crack-propagation data ex 
plain the inferiority of welded Kinzel- 
type specimens compared with prime- 


1952 


Fig. 11 Fracture in a welded “*C” steel Kinzel-type speci- 
men tested at 190° F., and deflected 0.200 in. 


plate specimens of the same design. In the early 
studies with these specimens, energy-absorbed versus 
temperature curves were used to study transition 
ranges. The energy-absorption data for these curves 
were obtained originally by determining the area under 


When 


the deflection at which cracking started was determined, 


load-deflection curves for the test specimens 


it was then possible to determine: (a) energy absorbed 
by the specimen before cracking and (6) energy absorbed 
atter cracking 

In Fig. 13, energy absorbed to maximum load of 
Kinzel-type specimens of “B,” and “*C”’ steels is shown 
rhis energy is divided into energy absorbed before and 
after cracking 

Figure 14 compares the energies absorbed by the 
specimen after cracking. There is a large difference in 
energies absorbed prior to cracking ot the welded and 
prime-plate specimens. There is much less difference 
in energies absorbed by the same specimens after the 
stuart of cracking Therefore, it appears that early 
cracking in welded specimens was responsible for the 
low energy values for welded WKinzel-type specimens, 
aus compared with prime-plate specimens tested at the 
sume temperature. 


In cases in which preheating and postheating have 


been found to improve the performance of welded 


Fig. 12 Pattern of fracture propagation in a welded Kinzel-type specimen 
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inch 0.04 + Ni SK 
(100X) : 


Kinzel-type specimens,' this improvement probably 
resulted directly from improvements in weld metal and 
the heat-affected zones of welds. ‘The improvement 
in weld metal presumably allowed more deformation 
before cracks started, and thus better performance was 
obtained at lower temperatures than with specimens 
which did not have the benefit of preheat or postheat 
treatments. 


GENERAL DISCUSSION 


In view of the findings presented in this paper, a 
discussion of some of the accumulated information from 
various investigations in this field is in order. Some 
questions are asked and suggestions are made to stimu- 
late discussion on the part that weld metals play in 
initiating fractures in weldments, and again to focus 
attention on the significance of the heat-affected zone 
in the performance of weld joints in ship-grade steels. 


Performance of Welds Versus Direction. of Strain 


The data presented in this paper show that, in the 
notched weld-bead type of specimen tested, the bending 
fracture initiated and propagated first in the weld metal. 
It appears that weld metal was the “weak link,” and 
had less ability to deform than the heat-affeeted zone 
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40F 180 F OF 80F 
WB Energy to cracking, welded 
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maximum lood 
Crack depth 0,005 inch 


Fig. 13 Comparison of energy to cracking and energy after 
cracking abso by welded and prime-plate Kinzel-type 
specimens of **B,” and “C” steels 
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and the unaffected base material. This is at variance 
with some of the generally accepted ideas on the charac- 
teristics of weld metal and the performance of welded 
joints. 

The results of many investigations have shown that 
weld metals are quite ductile and reasonably notch 
tougheven at low temperatures, when tested by standard 
methods. It has also been shown repeatedly that heat- 
affected zones of welds may contain areas of low ductil- 
ity and low notch toughness. Thousands of specimens 
have been taken transverse to weld joints and tested in 
tension and bending in welder qualification tests and in 
various investigations. In these tests, it is almost 
always shown that sound weld metal has satisfactory 
strength and good ductility. 
been bent through 180 degrees without failures in weld 
metal or heat-affected zones. When failure does occur 
in such tests, it usually starts in defective areas of weld 
metal. 

In the Kinzel-type specimen, the weld metal at the 
root of the notch was strained in a direction parallel 
to the longitudinal direction of the weld. This weld 
metal was required to deform along with heat-affected 
base metal and unaffected base metal. Under these 
conditions, the weld metal was first to fail as strain was 
increased. Its failure ‘triggered’ the failure of the 


Such specimens have 


specimen. 

There are several very good examples in the litera- 
ture of similar performance of weld joints in test speci- 
mens. A majority of such specimens have contained 
no transverse machined notches in the weld as was 
present in the Kinzel specimen. In large welded 
tubular specimens tested at the University of Cali- 
fornia,® * multipass butt welds in */,-in.-tube walls were 
subjected to 2:1 and 1:1 biaxial stress conditions. As 
plastic strain developed in the specimens, the weld 
joints necessarily elongated along with the base material. 
The failures started in the weld joints in a majority 
of the cases. The cracks developed transverse to the 


14 
c 
E 
a 
o 
a 
o 
8 
a 


Absorbed Energy, !000 inch-pounds 


"C'Steel ‘“BrSteel ‘Br Steel 


“C'Steel 
40F 18OF OF 80F 
Fig. 14 Energy after cracking absorbed by welded and 
prime-plate Kinzel-type specimens of and “C” 
steels 
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welds. It was not definitely proved that the weld 
metal failed first, but it was definite that the fracture 
usually initiated in the weld joint. Similar tests on 
large flat-plate bend‘ specimens with longitudinal butt 
welds on the center line of the specimens gave similar 
performance. Failures in spherical specimens initiated 
from transverse cracks in butt welds that occurred 
during pressure testing. Heavy, longitudinally welded 
plate specimens simulating deck and hull joints which 
were studied by Bibber*® failed first in the welds when 
tested in tension. 

In most of these cases, especially when no machined 
transverse notches were present, there was considerable 
elongation before failure, but when failure started it 
usually initiated in the weld joint. In some investi- 
gations,?® failures were proved to have initiated in 
defects in weld metals and in a few cases in sound weld 
metals. However, in most cases it was definite only 
that failure initiated in the weld joint, but it was not 
clear whether it initiated in weld metal or heat-affected 
base metal of the joint. 

There is ample evidence that weld joints are more than 
likely to be the source of initial cracks when weldments 
are deformed in a direction parallel to weld joints 
The explanation of this deficiency probably involves 
metallurgical properties of weld metal and heat-affected 
zones. It has been shown repeatedly that preheat and 
postheat treatments of weld joints greatly improve 
their performance in this respect. 

In light of this discussion, if in the “‘shake down” 
or in service of a large welded structure, it is required 
that a very short gage length of restrained weld metal in 
a joint deform plastically in the longitudinal direction to 
relieve a local stress concentration, it is quite possible 
that cracks may be initiated in the weld metal during 
such adjustments. 


Welded Specimens Versus Prime-Plate Specimens 


In several investigations, many small welded speci- 
mens have been tested by bending or by static tension. 
Prime-plate specimens of the same dimensions as the 
welded specimens have usually been tested also. Com- 
parisons of results from the two sets of specimens have 
been made to show the influence of the welding upon 
the performance of the material. Almost invariably, 
results from series of specimens of this type tested 
over a range of temperatures have shown inferior per- 
formance of the welded specimens. In some cases, for 
certain structural steels, it has been found that the dif- 
ference in performance between welded and prime-plate 
specimens is very great; while in other steels of the 
same grade, the difference is much less. It is, therefore, 

~asoned that welding does more damage to one steel 
than another of the same general type, and that one 
steel is more desirable for welded structures than the 
other. Much work has been done to develop tests 
and methods of measuring the influence of welding on 
structural steels and to determine the extent to which 
welding impairs the serviceability of structural steels 
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in large structures. So far, no good method has been 
developed. 

In view of data presented in this paper, it seems impor- 
tant to re-evaluate results obtained from many small 
welded specimens. When a small welded specimen 
of structural-grade steel (carbon under about 0.25°; 
such as the Kinzel specimen, is bent, it appears more 
than likely that the weld metal will fail first at a very 
low bend angle. When the weld cracks, thisimmediately 
subjects the rest of the specimen to a very sharp notch 
which is quite different from the original geometry of 
the specimen. Regardless of the quality or “welda- 
bility” of the steel being tested, it appears that this 
early crack in the weld metal “triggers off”? the failure 
of the specimen. Once this crack occurs, then the re- 
mainder of the cross section of the specimen (usually 
95° or more) is subjected to entirely different test 
conditions, in the form of notch geometry, than at the 
start of the test. Under the influence of this drasti- 
cally modified notch geometry, two steels may perform 
entirely differently, even though they give similar 
results under the influence of a normal machined notch, 
Thus, it may be erroneously concluded that one steel 
was influenced more by welding than the other, when 
in reality one steel is more notch sensitive than the 
other when subjected to the notch geometry ol a crack 
started in weld metal. 

It has been shown by some investigations that in 
some structural-grade steels, cracks start first in heate 
affected metal or notched-bend specimens.’ If it 
were true that cracks always start first in heat-affected 
zones and that the heat-affected zone of one steel hag 
greater resistance to the initiation of cracks than that 
of another, then it eould be shown that one steel ig 
truly influenced more by welding than another. Also, 
if it could be shown that the heat-affected zone of one 
steel affords more resistance than another to the propa- 
gation of a crack started in the weld metal, then it 
could truly be shown that one steel is affected more 
or less by welding than another similar steel. Test 
results of this kind which involved the heat-affected 
zone as an important factor in the performance of the 
weldment could be said to bear on the “‘weldability” 
of the steel, as the authors understand that term 

Much remains to be determined in this field. Much 
more work needs to be done to closely analyze the per- 
formance of such specimens to understand their true 
behavior and interpret results obtained. 

In recent literature, several series of explosion tests on 
welded and prime-plate specimens of steel have been 


reported.* In this test, a weld joint is strained in 
the longitudinal direction while it may or may not be 
strained materially in the transverse direction depend- 
ing upon the strength of the weld metal and heat-at- 
fected zone. These specimens are subjected initially to 
biaxial stresses of about equal magnitude as shown by 
the deformation of the prime plates. An area under 
the charge is reported, in one test,® to be subjected to 
triaxial stresses. Great difference in energy absorp- 
tion has been shown between prime-plate and welded 
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specimens. Also,important differences have been shown 
between specimens welded with various types of weld 
metals and welding techniques. After an examina- 
tion of pictures of broken specimens shown in litera- 
ture, it is believed that the fractures in many of these 
specimens are “triggered’”” by cracks which open in 
weld metal as it is strained in the longitudinal direction. 
If this is true, and it appears likely, the performance 
of these test specimens is dominated by the perform- 
The performance of the 
steels in these studies is influenced by the sharp crack 
originating in the weld metal — It seems then that this 
test is in reality very likely to be predominantly a test 
It may in reality provide little in- 
formation about the heat-affected zone of welds. It 


ance of the weld metal 


of weld metal. 


seems highly desirable that a detailed study of the ini- 
tiation of fractures in such specimens be made in order 
to evaluate properly results obtained from the tests. 

What appear to be differences in the influence of 
welding on various steels within a certain class may 
vanish completely or take on new significance when the 
details of the true performance of test specimens is 
determined. 

The results of work reported in this paper suggest 
that attempts should be made to differentiate between 
the energy absorbed by any test specimen up to the 
point of initial fracture, and the energy absorbed dur- 
ing propagation of fracture. The differences in energy 
required to start fracture may prove to be much more 
important to the evaluation of steels, weld metal and 
weld joints than the energy required to propagate a 
fracture after it is once started. 


Weld-Joint Properties and Initiation of Fractures 
in Ships 


Much information has been accumulated on the 
properties of the principal areas of weld joints in ship- 
grade steels when tested under various conditions by 
laboratory specimens. More than adequate strengths 
have been developed in weld metals, and reasonable 
ductility and notch toughness is obtained if the welds 
are deposited by certain rigid techniques and proce- 
dures in certain size welds. Heat-affected zones of 
welds in ship-grade steels have also been shown to 
have adequate properties when the welds are properly 
made and the specimens are tested by conventional 
methods. This information shows in general that 
weld joints have quite acceptable properties, and the 
satisfactory performance of thousands of weldments 
have proved the value of welded joints. 

On the other hand, laboratory test results, such as 


those described in this paper, and studies conducted 


by many other investigators show that weld joints are 
deficient in at least some respects. The weld metal is 
subject to defects such as porosity, hot cracks, cold 
cracks, microfissures, fisheyes, notch sensitivity and 
low ductility. These defects may be present even 
when good workmanship is used in producing the weld. 
It has been shown repeatedly that heat-affected zones 


196-s Rieppel, Voldrich 


Fracture Ship Steels 


may contain areas of high hardness, low ductility and 
low notch properties. Also, it has been reported that 
the heat-affected zones of welds in some steels have 
much poorer properties than the heat-affected zones of 
welds in other steels of the same class, even though 
causes for these differences are generally unknown. 
In general, the properties of the principal regions of 
weld joints may be far from what is ideally desired. 

The engineer is confronted with laboratory informa- 
tion on weld joints on the one hand and service per- 
formance of welded structures on the other. There 
are thousands of weldments giving satisfactory service, 
which indicates that weld joints are predominantly 
adequate. On the other hand, there have been many 
major failures of welded structures and a great many 
more minor failures which indicate that deficiencies 
shown by laboratory tests may have an important 
influence upon service performance. Unfortunately, 
there is too little direct correlation between service 
failures and laboratory test results. 

Thousands of cracks have been reported in weldments 
during service. In very few cases, however, have de- 
tailed studies been made to determine if the fractures 
initiated in weld joints, and particularly what part of 
the weld joint was responsible for the initial cracks 
The origin of a great many failures has been traced 
directly to serious defects in weld joints caused by poor 
workmanship. Information of this kind is useful to pro- 
duction and quality-control people, but is of little value 
to the metallurgist and welding engineer. There are 
almost no records in the literature of failures initiating 
in sound, properly made welds of adequate size to carry 
the loads which may be placed on them in service 
Little information of this kind has come out of the in- 
vestigations and records on service fractures in welded 
ships. 

In reports on full-scale hatch corners tested at the 
University of California,''”'* it was recorded that frac- 
tures of the standard hatch-corner specimens initiated 
in welds between the deck plate, doubler and the hatch 
combing. This, at first, may appear to indicate that 
poor ductility, low notch strength or some such defi- 
ciency of the weld metal or heat-affected zone of the 
welds was responsible for the location of the initial frae- 
ture. However, a close examination of the design of 
the weld joints shows that the fillet welds at this loca- 
tion were not large enough to produce a 100°; efficient 
joint between the parts that were joined. The weld 
joint in reality was designed to be only a 60 to 80°; 
efficient joint. Therefore, as the structure took load 
in this area, which also contained a severe stress concen- 
tration, the fillet welds failed because they were not 
large enough to be equal in strength to the parts which 
they joined. These tests, while they were valuable in 
many other ways, showed particularly that an under- 
sized fillet weld is not so strong as the parts that it 
joins. This raises a very important question. How 
often in service have weld failures resulted from fillet 
welds simply being too small to produce 100°% joints? 
Summarizing, it is difficult to say what the straight 
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hatch-corner tests did tell of the various steels or of 
their weldability. 

In two hatch-corner specimens of modified design, 
full-penetration welds were used in the location men- 
tioned above. These specimens absorbed much more 
energy than standard specimens, and the failure, as 
shown by the pictures, appeared to initiate in base ma- 
terial instead of in weld metal. These failures may 
have initiated in heat-affected material with deficient 
properties, but such information was not reported. 

Other large weldments that have been tested are 
large box girders and sections of ships. Reports on 
these studies contain almost no information regarding 
the exact location at which the fracture initiated. 
There are still some very important questions about 
the failure of such specimens. First, did failure initiate 


in sound, adequate weld joints? 


If so, did the fracture 
initiate in weld metal or in heat-affected metal? 

It is obviously very difficult to obtain information in 
many cases regarding the exact location of initial frae- 
tures in a broken structure. This is the obvious reason 
for the lack of such information. However, it seems of 
paramount importance that every effort should be 
made to obtain it 

It seems that too much emphasis cannot be placed on 
this point. Along with the present knowledge of defi- 
ciencies of certain areas of weld joints, as shown by 
laboratory specimens, it is also definitely known that in 
a welded structure certain areas of the weld joint do not 
behave as might be indicated by the properties of an 
area when tested by small specimens. In other words, 
the joint may perform entirely differently than might be 
For this 


reason, the real deficiencies of the weld joint can be de- 


expected from studies of its individual parts 


termined only by careful analysis of failures, to deter- 
mine the ‘‘weak link” that causes the failure in actual 
structures. Some may say that this has been done. 
Another may say that it is not possible. However, the 
view taken here is that there is too little of this type of 
information available at present, and it can be accumu- 
lated if the right type of organized effort is devoted to 
the problem 

There is almost no information to show that a minor 
or major failure in service has initiated in a sound, 
properly made weld of adequate size. Therefore, little 
is known about the part that weld metal as such or heat- 
affected zones as such have played in producing service 
failures. Properties of these parts of weld joints as de- 
termined by various studies indicate that these elements 
of weld joints are often deficient in properties, but there 
is very little direct evidence that these deficiencies have 
initiated many failures. 


CONCLUDING STATEMENTS 

The investigation of the initiation and propagation of 
cracks in Kinzel-type specimens of “B,” and “C” 
steels showed that fractures in these welded specimens 


initiated and propagated first in weld metal. The be- 
havior of the welded specimens was controlled pri- 
marily by the cracking of the weld metal at a very low 
bend angle as the specimens were tested. It was con- 
cluded that the Kinzel-type specimen failed to show 
definite differences in the influence of the heat of weld- 
ing upon the performance of the two steels studied. 
The results of this investigation suggest that: (a) 
more attention should be given to the properties of weld 
metals and efforts made to improve them; (b) the value 
of data obtained from many welded bend-test speci- 
mens for evaluating the weldability of steels is question- 
able; and (¢) much more work should be done to deter- 
mine the precise origin of fractures in welded structures 
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Discussion by W. H. Wooding 


The authors are to be congratulated for the valuable 
contribution they have made to the study of fracture 
initiation and propagation in welded test specimens 
of ship steels. The conclusions drawn are in sub- 
stantial agreement with other investigations which 
have indicated that weld metal deposited with Type 
E6010 electrodes is susceptible to fissuring or cracking 
when subjected to a limited amount of strain. 

One investigation concerned with the susceptibility 
of weld metals to fissure or crack under limited strain 
used the test procedure shown in Fig. 1. This pro- 
referred to as “The Mathias Weld Metal 
Fissuring Test’’ since it follows the suggestions of 
D. L. Mathias of Arcrods Corp., Sparrows Point, 
Md., utilizes a restrained single-Vee butt joint which 
is welded under selected conditions. Transverse weld 
specimens cut from the assembly are prepared as shown 
and loaded in tension to develop a predetermined 
amount of strain across the weld deposit. After re- 
lease of the load, the specimens are examined without 
further preparation. 

Representative samples showing the results of test 
of several assemblies welded with Type E6010 electrodes 
at several preheat and interpass temperatures are 
shown in Fig. 2. The assemblies were prepared using 
*/\¢-in. diameter electrodes at the preheat and interpass 
temperatures of 0, 100, and 300° F. A welding current 
of 190 amp. at 26 are volts (d. ¢.—reverse polarity) and 
a full weave technique were used to deposit all welds. 
When weld were 


cedure, 


completed, transverse specimens 


Ww. H. Weeding | s Superintendent, Metals Section, Industrial Test Labora- 
tory of the Philadelphia Naval Shipyard, Philadelphia, P 


taken from the assemblies and prepared for test as 
shown in Fig. 1. These were subjected to a tensile 
load to develop 7! 
Upon reaching that strain level, the load was released 
and the prepared surfaces of the specimens were exam- 
ined. Representative specimens were selected and 
photographed. 

Referring to Fig. 2, the specimen representing the 
assembly prepared at a preheat and interpass tempera- 
ture of 0° F. shows that a considerable number 
of fissures on the prepared surface of the weld deposit 
developed as a result of the strain imposed. The 
prepared at a 


o> strain in 2 in. across the weld. 


specimen representing the assembly 
preheat and interpass temperature of 100° F. fails 
to show much improvement in so far as a reduction 
in the number and magnitude of the fissures are con- 
cerned. However, the specimen representing the 
assembly prepared at a preheat and interpass temper- 
ature of 300° F. shows a decided reduction in the 
amount of fissuring on the surface of the weld metal. 
It is interesting to note the similarity of the directional 
orientation of the fissures occuring in the 0 and 100° F. 
specimens while those occurring in the 300° F. speci- 
men lack this similarity in direction. 

These results appear to substantiate the findings 
of the authors in that the use of preheat does improve 
the performance of weld metal deposited with Type 
£6010 electrodes. Such weld metal, upon being 
strained, has a lesser tendency to fissure when compared 
with welds deposited without preheat or at subnormal 
temperatures. 

The factor influencing the development of fissures 
in welds deposited with Type E6010 electrodes is not 
clearly revealed by the results illustrated in Fig. 2. 
To better illustrate a probable cause for such fissuring, 
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Fig. 3 shows representative specimens taken from 
two assemblies welded with low hydrogen Type E7016 
electrodes. In each case, */j-in. diameter electrodes 
were used and the welds were deposited with a welding 
current of 200 amp. at 22 are volts at a preheat and 
interpass temperature of 0° F. One assembly was 
welded with electrodes, the coating of which had an 
average moisture content of 1.700%, while the moisture 
content of the coating of the electrodes used to weld 
the second assembly averaged 0.42°).* Specimens 
taken from the assemblies were prepared and strained 
to 7! 2 in 2 in. in the same manner as those shown in 
Fig. 2. As shown in Fig. 3, the specimen representing 
the assembly welded with the electrode of high moisture 
content shows evidence of fissuring on the surface 
of the weld deposit. However, the specimen repre- 


* Determined at 2400° } 


Fig. Representative specimens welded with */,,-in. 


diameter type E7016 electrodes, 7.59% strain in 2 in. across 
weld 
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Fig. 2 Representative specimens 


welded with s-in. diameter type 
E6010 electrodes, 7.59 strain in 2 in. 


across weld 


senting the assembly deposited with the low moisture 
content electrode does not show any evidence of fissur- 
ing on the weld surface. 

The same specimens were further strained to 12.5% 
in 2 in. across the weld and are shown in the photograph, 
Fig. 4. As would be expected, the fissures on the 
surface of the weld deposited with the high-moisture 
content electrode have increased in size. However, the 
weld deposited with the low-moisture content electrode 
still shows no evidence of fissuring. 

It has been established by an extensive number of 
tests of this type that fissuring in low-hydrogen type 
weld deposits is directly associated with the moisture 
content of the electrode coating. As the moisture 
the 


content of the coating is reduced the tendency 
weld metal to fissure under strain likewise is reduced, 
This would indicate that fissuring may be a function of 
the quantity of hydrogen present in the are atmosphere 


Fig. 4 Representative specimens welded with */\9-in. 
diameter type E7016 electrodes, 12.59% strain in 2 in. 


across weld 
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and absorbed by the weld metal. Since the are atmos- 
phere generated by Type E6010 electrodes contains 
considerable hydrogen (as compared 
to that of low-hydrogen type electrodes) it would appear 
that the fissuring resulting from the limited strain of 
such deposits is associated with the absorption of hy- 


quantities of 


drogen by the weld metal. 

Therefore, it is suggested that where bead weld 
bend tests are used in the evaluation of the performance 
of welded ferritic materials consideration be given 
to limiting the hydrogen content of the weld deposits. 
This could be accomplished by the use of suitable 
low-hydrogen type electrodes with the moisture content 
of the coatings controlled to some predetermined level. 


Authors’ Reply 


The authors extend their appreciation to W. H. Wood- 
ing for his discussion and the interesting and pertinent 
data on weld-metal properties which he has added 
to this discussion. 

In view of these data, it seems in order, as Mr. 
Wooding that low-hydrogen 
(with controlled moisture) be considered for use on 
bead-weld similar to the Kinzel 
It is expected that E7016 weld metal would probably 
bend £6010 weld metal before fracture 
It might be capable 


suggested, electrodes 


bend tests tests. 
more than 
starts in a Kinzel-type specimen. 
of deforming enough so that the initial fracture would 
start in the heat-affected zone of the specimens. It 
seems important that a study of this kind should be 
made 

Recent work conducted by Dr. W. 8. Pellini and 
associates at the Naval Research Laboratory with 
explosion bulge specimens has shown very definitely 
that weld metals deposited by low-hydrogen electrodes 
are superior to those made by conventional E6010 
electrodes. 

If it were possible to find a weld metal that was 
always capable of deforming enough without fracturing 
so that failures would always initiate in heat-affected 
zones, then it would be much easier to study the in- 
fluence of welding upon base materials. 

At this point, it seems important to again make clear 
that all testing described in this paper, and most 
of the research referred to in the general discussion, 
concerned welds made in ship steels with high-hydrogen 
types of electrodes. 


Discussion by W. S. Pellini 


that the detailed studies 
of crack initiation in Kinzel-type specimens reported 
by the authors have yielded information of con- 


There can be no doubt 


As is often the case, critical in- 
vestigations of a basic nature provide the key which 
is required to resolve conflicting data obtained by 
purely empirical approaches. The generally accepted 
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premise that ‘“weldability” tests evaluate the response 
of the steel (presumably the heat-affected zone) to 
the heat of welding stands in need of considerable 
revision in the light of the controlling effect of the weld 
metal shown by the investigation. 

It is significant that the controlling effect of the 
weld metal observed for bead-on-plate welds has 
been shown also for full-size practical welds. Recent 
investigations! at the Naval Research Laboratory 
with Explosion Bulge specimens have shown that 
weldments of structural steel likewise fail by crack 
initiation in the welds. It was also shown that the 
performance of the weldments is directly related to the 
notch toughness of the welds. 

It should be recognized that these two separate 
investigations featured testing procedures which are 
not in any way discriminating to the weld area. 
Danger spots in structures generally feature welds at 
thus, the 
importance of the weld must be considered to have 


positions of highest stress concentration 
been evaluated in conservative fashion. Accordingly, 
no exception can be taken to the conclusion that efforts 
should be made to improve weld metal properties 
The case which is presented against the weld metal, 
however, does not in any way absolve the base steel 
This fact certainly is implied in the paper but not 
specifically stated—a clear statement in this respect 
is needed so that there will be no misunderstanding 
that structural failures are simply attributable to welds 
with consequent minimization of the importance of 
the steel. Catastrophic failures entailing brittle trac- 
ture through the base steel present in themselves 
the most evident possible proof of steel inadequacy. 
There are two apparently separate functions to be 
performed by the weld and steel elements—it is a 
function of the weld to be as resistant as possible to 
crack initiation and that of the steel to be as resistant 
The plate function 
must weld quality 
for adventitious flaws such as are strikes may initiate 
the travel of brittle cracks at other than weld positions. 
It must be concluded that the elimination of structural 


as possible to crack propagation. 


be accomplished regardless of 


failures is dependent on the improvement of both 
weld and steel elements of weldments. 

The authors indicate that Kinzel-type specimens 
may be used to study differences in properties of weld 
metals but not to evaluate the weldability of steels 
That this is so in the sense that weldability signifies 
reaction to the welding heat by the base steel is quite 
evident—the significant fact being that the HAZ 
is not the critical element which determines the per- 


formance of the specimen. This is also so in the less 
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evident sense of weldability which entails the over-all 
performance of the specimen in transition from ductile 
to brittle behavior. 

The case of crack initiation in one element of the 
Kinzel specimen (the weld) with consequent propa- 
gation in an element of different metallurgical 
and mechanical properties (the steel) makes transition 
test results extremely difficult to interpret. This 
is evident from a consideration of the effect of a tough, 
crack-resistant weld as compared to a poorer weld 
when tested on the same steel in a Kinzel-type specimen. 
The lower test temperature required to start cracking 
in the tougher weld will also affect crack propagation 
in the steel. Thus, the use of temperature to affect 
the initiation of cracking in one element becomes 
confused with the simultaneous effect of temperature 
on crack propagation in the other element . Obviously, 
the crack initiation features of the critical element 
must be dissociated from the crack propagation features 
which may occur in an element of completely differ- 


These 


recognized as independent 


ent metallurgical and mechanical properties 
two features should be 
variables and evaluated accordingly 

It should also be recognized that notched, longitudi- 
specimens represent 


nal, bead-on-plate  weldability 


a highly specific condition of loading; i.e., loading 
in a longitudinal weld direction. Caution should 
therefore be used in interpretations which are expected 
to have general applicability to service. Inasmuch 
as the deformation features of welds in transverse 
loading are considerably different from those developed 


in longitudinal loading! it is entirely possible that in 


borderline cases the critical crack starting element 
may be changed by changing the load direction. As 
a simple illustration it may be visualized that the HAZ 
at the toe of a weld featuring reinforcement is in an 
unfavorable stress condition conducive to failure 
when loading is transverse to the weld This sume 
position is not at disadvantage when loading is along 


the weld direction 


Authors’ Reply 


The authors wish to thank Mr. Pellini for his in- 


formative discussion. It is strongly recommended 
that the readers of this article read in detail the refer- 
ence given at the end of Mr. Pellini’s discussion 

We agree that a definite statement should be made 
to the effect that the data and discussion presented 
on weld metal does not in any respect absolve the 
base steel in welded structures. It is emphasized in 
needed in weld 


Likewise, improvements in steels for ship 


our article that improvements are 
metals 
construction are needed to accomplish over-all im 
provement in performance of welded ships 

Mr. Pellini’s comments on the relation of direction 
of loading and performance of weldments are very 
pertinent. Some comments on this point have been 
added to the general discussion section of the papel 
since it was first submitted to Mr. Pellini and discussed 
by him The directional properties ol weld joints 
More work 


of the type being conducted at the Naval Research 


appear to be of paramount importan¢ 


Laboratory should be done on this subject 


Upper and Lower Transitions 
in Charpy Tests 


Discussion by R. W. Vanderbeck 


Messrs. Harris, Rinebolt and Raring have presented 
a very interesting paper showing that lower-velocity, 
lower-energy, multiple blows usually produce a sharp, 
lower transition when standard Charpy V-notch 
specimens are used, whereas the usual technique with 
high-energy blows produces a smooth curve with no 
distinct lower transition. This phenomenon certainly 
deserves further study so that the significance and 
cause of this behavior may be better understood. 
= W. Vanderbeck is connected with the United States Steel Co., Pittsburgh 


Paper by W. J. Harris, Jr., J. A. Rinebolt and R. Raring was published in the 
Research Supplement to the September 1951 Wetptna JowrNat, pp. 417-s 
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Transition Tests 


One item that may cause alarm is the fact that the 
lower transition and the 15 ft.-lb. transition on the 
standard curve do not correlate well with each other, 
as may be readily noted from the last two columns in 
Table 2. 


transitions are meant to rate the steels according to 


This is disturbing because both of these 


their relative ability to deform and behave in a ductile 
manner before cracking becomes extensive, and one 
might therefore expect them to show reasonable corre- 
lation. It may be seen in the adjacent graph, however, 
that good correlation is obtained if temperatures se- 
lected at the 10 ft.-lb. level using the multiple-blow 
technique are compared with the 15 ft.-lb. temperatures 
for the standard curve. The data obtained by the 
two different techniques do, therefore, rate the steels 
in a similar manner when certain arbitrary criteria are 
used in the evaluations. It does seem more logical 
to select the transition at the temperature at which a 
sharp change of behavior takes place, but it will be 
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noted from the authors’ graphs that this transition 
occurs at quite different energy levels. For example, 
for Steel 1 the lower transition takes place in the 8 to 
19 ft.-lb. range; for Steel 8 it occurs in the 22 to 38 
ft.-lb. range. This seems to be the reason that the 
lower transition temperatures do not correlate with the 
15 ft.-lb. temperatures on the standard curve. 

The authors state that preliminary tests showed that 
the energy required for initiation of a small crack in 
the root of the notch was between 10 and 15 ft.-lb. 
I would like to ask whether this was so for steels 3, 
4, 8 and 9, for it is on these steels that the lower tran- 
sition is depicted as occurring above the 15 ft.-lb. level 
If a shear crack initiated somewhere in the 10 to 15 ft.- 
Ib. range, one would expect signs of an abrupt transition 
Having hypothesized thus 
raphs, actually see some 


in this same energy range. 
far, one can, by looking at the g 
evidence of an abrupt transition taking place within 
this range. Whether or not small shear cracks are 
developed in the 10 to 15 ft.-lb. range can settle this 
question. 

It would be easier to judge the true shapes of these 
curves if more tests had been conducted in the critical 
Is it correct to assume that each point on the 
If so, then a number of 
the curves are based upon very few data, and, as 
Rinebolt and Harris pointed out in an earlier paper,* 
the precision of the transition temperature measure- 
ments for such data would be rather poor. This may 
not be considered important for an investigation of 
this nature, makes it difficult to estimate the 
true behavior in certain instances when the data are 
limited 

Having read the authors’ suggested reasons for the 
technique, 


regions 
graphs represents just one test? 


but it 


behavior observed using the low-energy 
it still seems possible that speed of breaking « 
one of the factors causing this different behavior. 
Not only striking velocity should be considered but 
after the specimen has been partly 


‘an be 


also the velocity 


* Rinebolt, J. A., and Harris, W J, 
Charpy V-Noteh and Keyhole Bars,’ 
search Suppl, 202-s to 208-s (1951). 
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“Statistical Analysis of 


fractured. It is difficult to separate the effects of 
striking energy and velocity for, given a certain striking 
velocity, the velocity after the specimen has been 
partly fractured will be less when the striking energy 
The way to determine the influence of velocity 
would apparently be to keep the striking energy con- 
stant and vary the striking velocity. It seems im- 
portant to learn why this lower transition is obtained 
using the authors’ technique, and the suggested 
approach should help to decide whether velocity is 
an influencing factor. 


is less. 


Discussion by Captain W. P. Roop 


More facts, to put with earlier interpretations, 
are here given on the two transitions. The paper 
is short, but this should not mislead the reader into 
underestimating its importance. That two tran- 
sitions exist can now hardly be doubted. Some aspects 
of the new data deserve special emphasis. 

The new facts and the authors’ reasoning based on 
them may be viewed in light of two different principles: 


1. The basic phenomena are to be seen at the crack- 
head, where the choice between static inception 
and active propagation must be made. 

2. Associated with the crack is a strain-pattern and 
the nature of this pattern is affected by the 
metal at a distance as well as by that adjoining 
the crack-head. 


The practical “problem arises from the fact that 
brittle fractures of structural members differ from 
‘brittle’ fractures in most test specimens.”’ In the 
specimens “brittle’’ fracture is preceded by plastic 
strain, hence the quotes on the word “brittle.”’ The 
question thus becomes this: can brittle fracture 
in structures be identified with that other type of 
fracture in specimens which occurs at very low tem- 
peratures? 

If so, we note immediately, we must account for 
the discrepancy in temperature at which fracture 
without large prior strain occurs in structures (ca. 
freezing) and in small specimens (—80° F. in Steel 1 
and —90° F. in Steel 2 of the present data). It is a 
new feature of the present data that in most of the 
steels tested (Table 4) this discrepancy does not appear, 
and brittleness without prior strain occurs from zero 
upward, in Navy Specification Medium and High 
Tensile Steels. In samples taken from a ship the 
present tests show such brittleness at 0, 50 and 100° F. 
above the temperature at which it occurred in the ship. 

The nonstandard feature of these tests lay in 
use of repeated low-energy blows. So far as total 
energy to the complete break goes, the authors are 


W. P. Roop is with the United States Navy (Retired) 
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satisfied that it remains the same as in a test by a 
single blow. But the use of lighter and repeated 
blows reveals facts about the strain patterns which 
form the chief point of interest. Knowing what to 
look for, one can see the strain figures also in specimens 
broken at one blow. But every purpose except, 
perhaps, that of getting a simple and direct measure 
of energy would be equally served in a static test. 

The stepwise drop in energy value at a definite 
temperature value is the most striking feature of the 
transition curves shown. But two other features are 
also noteworthy. First, in many cases this step comes 
at a temperature not far from the half value point; 
the new transition is thus not far removed from the 
more familiar one which has been so often noted 
hitherto. 

Second, below the step the curve resumes a course 
which is a continuation of the more familiar curve 
above the step. In Fig. 5, e.g., we have a step super- 
posed on a straight line. Instead of a second drop 
in energy it could be described as temporary increase 
over the normal value, abruptly abandoned. 

The most important part of the paper is that in which 
these changes in energy with temperature are linked 
with the strain pattern. At the step an important part 
of the pattern disappears; below this limit the de- 
velopment of the pattern is confined to that spreading 
outward from the notch. That outward spread from 
the notch, however, shows no sign of a further dis- 
appearance at a still lower temperature, as would be 
necessary if fractures were to occur with no prior 
energy absorption at all. There is only one step; 
the further approach toward zero is gradual. 

The point at which the crack appears in course 
of a test is regarded by the authors as significant; 
they have looked for it with a 10-power glass and 
found nothing short of a limjt between 10 and 15 ft.-lb. 
and this is the same at all temperatures above the step. 
Below the step “the crack forms prior to the strain 
markings and thus allows relief from further strain 
behind it.’ From these observations they pass to 
the conclusion that the step-transition is linked with 
crack inception and the gradual transition with crack 
propagation. This is in general agreement with the 
Lehigh result except for the question as to how far the 
temperatures of the two transitions may be separated. 
Note first that 
the pattern in Fig. 7 (B), with a single Luders Vee, 
exists only at a stage in progress of the test before 


This is a point worth close attention. 


advance of the crack has begun. Presumably when 
it does start forward, the crack will carry the Vee for- 
ward with it, filling out the inside of the Vee with a 
succession of such Vees. Behind it, as the authors 
say, the crack leaves the metal relatively little strained, 
outside the Vee. 


what it became as the crack approached; after it 


Inside the Vee the strain remains 


has swept across, the pattern consists of a wedge of 
highly strained metal (Zone C), surrounded by a region 
of low strain (Zone A). 

Above the step, as in Fig. 7 (A), the energy absorbed 
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in Zone A is higher. The whole process may be de- 
scribed by saying that energy in Zone A drops off 
gradually with temperature. At the upper end of the 
step this decrease is arrested; energy begins to go 
somewhere at a rate not much affected by temperature 
At the riser of the step, however, this effect stops 
abruptly and the gradual decrease (in Zone A) is 
resumed. 

Where in the strain pattern does this stepwise energy 
go? Is there a temporary increase in the absorption 
of energy within the Vee (Zone C)? The authors 
seem to think not so. I suggest that the way forward 
lies in clarifying the facts about shifts in strain pattern 
with temperature. 

And beyond this lies the need for more facts about 
the effect on the strain pattern of geometry, especially 
the effect of size. The only data of this sort here offered 
refer to notch depth which was gradually increased, 
presumably at the expense of the remaining metal in 
the net section. The specimens were broken unde 
conditions of full ductility (‘fibrous fracture’). Sup- 
posing that the bars were '/, in. thick and the initial 
notch '/s in. deep, the net section was reduced in '/49-in 
steps from */s to '/, in., where the strain markings 
represented by the inverted triangle disappeared. 

By a geometrical change the same shift in the strain 
pattern was thus obtained as by a reduction of temper- 
ature with the standard geometry. 

There is, therefore, a qualitative equivalence between 
larger size and lower temperature in effect on the 
strain pattern, and hence also on the energy absorbed. 
I suggest that the conversion of this result into a 
quantitative equivalence might well be taken as the 
chief objective of further work 


Authors’ Reply 


The authors are grateful to Captain Roop and Mr 
Vanderbeck for their comments and questions. 

Captain Roop’s argument that a more complete 
understanding of transition might be realized by study 
of the energy density in the various zones as temperature 
is varied has always appealed to the authors. It 
is considered, however, that the small size, the complex 
and varying stress-state and lack of control in the notch- 
impact test renders this test less suitable for such 
studies than the wide-plate specimen, which Captain 
In the future it is hoped that energy- 
distribution studies in wide-plate tests will be extended 


Roop used. 


to the lower transition region in which plastic flow 
is nearly eliminated. In specific comment on a portion 
of Captain Roop’s discussion, we should like to point 
out that while, as he says, the temperature difference 
between the average-energy transition and the lower 
transition is not great in many cases, it is great in more 
than half of the cases. The lower transition is often 
far from the more familiar one. 

Both discussors take notice of the fact that the 
absolute value of the energy levels at the top and at 
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the bottom of the step at the lower transition varies 
widely among the various steels. This is obviously an 
interesting point, but discussion of it was omitted in 
the paper because it seems not to be germane to the 
phenomenon associated with or responsible for the 
lower transition, viz., the behavior of the metal at 
the root of the notch. Figure 1 illustrates the obser- 
vations upon which this reasoning is based. 


19 ft.-Ib. 


8 ft.-tb. 19 ft.-Ib. 


Steel | Steel 9 


fig. 1) Specimens broken above and below lower transi- 
tion temperature 


Top) Above lower transition. (Below) Below lower transition 


At the lower transition, the energy absorption of 
Steel 1 dropped from 19 ft.-lb. to 8 ft.-lb., whereas that 
of Steel 9 dropped from 38 ft.-lb. to 19 ft-lb. It will 
be noticed that the two steels display similar behavior 
in passing through this lower transition in that there is 
a small fibrous patch just below the notch in the speci- 
mens broken above the lower transition, whereas this 
patch is absent in those broken below the lower tran- 
sition. It is clearly evident, however, that the fracture 
faces of the two steels differ with respect to the amount 
of fibrous fracture along the sides of the specimen; 
Steel 9 has a much thicker shear lip along the sides 
than does Steel 1. It seems, therefore, the ductile 
action along the sides has the effect of influencing 
the absolute value of the energy absorption at temper- 
atures below or above the lower transition, but is not 
associated with the energy step per se. 

After consideration of the preceding discussion, it 
can be seen that one would not expect an arbitrary 
energy level necessarily to correlate with the lower 
transition. 

To answer Mr. Vanderbeck’'s specific question, which 
seems to be closely associated with the above discussion, 
small cracks did develop in the notch root when steels 
8 and 9 were struck with 10 to 15 ft.-lb. blows at tem- 
peratures above the lower transition; when these two 
steels were struck with such blows at temperatures 
below the lower transition, cleavage cracks developed 
at the notch root and ran about half way through the 
specimens before the energy absorption at the sides 
arrested further progress of the crack. Unfortunately, 
steels 3 and 4 were tested with 25 ft.-lb. blows only; 
consequently it is not possible to say that a 10 to 15 ft.- 
lb. blow did start a shear crack. 

In answer to Mr. Vanderbeck’s second question, 
each point on the graphs represents but one test, and it 
is agreed that the transition would have been defined 
with greater certainty, with the exception of the results 
of tests of Steel 2, if more specimens had been broken, 
but since the work was essentially exploratory, it was 
deemed preferable to deploy the efforts by using fewer 
tests on a larger number of steels in order to determine 
whether or not the effect would be observed in different 
materials. 

The authors concur with Mr. Vanderbeck’s opinion 
that the velocity of the tup might well be a factor 
which could account for the apparently greater sensi- 
tivity of the lower-velocity testing technique, and they 
agree that it should be added to the other factors 
suggested in the paper. 
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Progress Report No. 5—Welded Continuous Frames and Their 


Components 


Residual Stress and the Yield Strength of Stee 


Beams 


® Analytical and experimental study of the elastic and plastic behavior of welded 


continuous steel beams. 
factors which affect the yield strength of steel members are discussed. 


Stress concentration, 


residual stresses and other 


Basic 


assumptions of the simple plastic theory are compared with the test results. 


by Ching Huan Yang, Lynn 
S. Beedle and Bruce G. 
Johnston 


() INTRODUCTION 


TINDER certain conditions continuous 
or “rigid” frames require less material 
than statically determinate structures 

designed for the same loads. In conven- 
tional elastic design methods, structures 
are designed with respect to the load at 
which the calculated maximum stress 
reaches the yield point, henceforth called 
the “initial yield load” of the structure 
In the case of statically indeterminate 
structures (and to a lesser degree in deter- 
minate structures), a further increase in 
load may be realized even though \ ielding 
has occurred at some cross sections 

Use of the so-called “simple plastic 

theory” has been suggested by «a number 
ot authors who have recommended design 
on the basis of ultimate strength.* ' 
It has been suggested that increased econ- 
omy can be achieved if the design can 


Ching Huan Yang was formerly Research Asso 
ciate with the Fritz Engineering Laboratory at 
present is connected with the firm of Hardest, 
and Hanover, Consulting Engineers, New York 
Lynn S. Beedle is Assistant to the Direetor of the 
Fritz Engineering Laboratory Bruce G. John- 
ston was formerly director of the Laboratory, is 
now at the University of Michigan 
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be based on a load greater than that at 
initial yield 

Questions are occasionally raised with 
regard to the possible applic ation of the 
simple plastic theory. One reason for 
such inquiries is that too little is known 
regarding the basic plastic behavior of 
steel structures. A study of the literature 
reveals, for example, that most of the 
previous experimental work involved 
specimens mace ol rectangular-shaped 
sections and test models were usually 
normalized or annealed before test Test 
models were restricted in- size Some 
early pioneer work was carried out by 
Maier-Leibnitz* on rolled steel joists 
I-shaped members (not WE) of 6 in 
depth were tested as continuous beams 

This report is one of a series in which 
the elastic and plastic behavior of full-size 
steel members and frames are being 
studied.'~* In addition, the limitations 
and possibilities of plastic design and 
plastic inalysis are being ¢ xplored in this 
project being carried out at Lehigh 
University in the Fritz Engineering 
Laboratory under the direction of the 
Lehigh Project Subcommittee of Welding 
Research Council. t 

In order to investigate the behavior 
of welded continuous frame structures, a 
series of tests on simulated frames and 


continuous beams were carried out to 


* A translation in abstract form of this paper 
which appeared in die Bautechnih ? 1-27 
1928) is available from the Fritz Engineering 
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H. W. Lawson, Bureau of Ships (Code 350, J 
Vasta and E. M. MacCutcheon), N. M. Newmark 
A. E. Poole, C. E. Webb und W. H. Weiskopf 
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The influence of residual stress on buckling strength of columns is also included 


furnish additional information regarding 
elastic and initial plastic deformations and 
to correlate these results with existing 
inalysis and design procedures. Single 
span beams with overhang were used to 
simulate continuous beams and frames 
with constant moment of inertia, Rolled 
steel wide flange sections were used and 
all the beams had an over-all length of 28 
ft. The members were tested in the as- 
delivered condition since the purpose of 
this program was to simulate the behavior 
of real structures as closely as possible 

It has been established that welding 
may introduce in structural member 
residual stresses of the same magnituck 
as the vield stress of the base material 
Connection details introduce local con 
centrations of stress Also, structural 
steel members in the as-delivered condi 
tion contain residual stresses due to cooling 
after rolling The effects of these factors 
on the initial vield load have been ob- 
served and analyzed in this paper. The 
buckling strength of columns or beams 
under certain conditions will be reduced 
by the presence ot residual stress and a 
brief examination is made of this in- 
fluence 

Reserved for later reports are studies 
of the ultimate strength and deflections 
of continuous beams, inelastic local and 
lateral buckling of steel members, and 
shear failure in webs of WF sections 


(I) TEST PROGRAM 
(1) Test Setup 
The setup for the continuous beam pro- 
gram is shown schematically in Fig. 1 


A beam, shown under test in Fig. 2, rests 
on two rollers that are, in turn, supported 
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Fig. 1 Continuous beam test setup. Concentrated loads are applied at third points of central span and end loads are used 
to bring specimen to proper load condition 


by two columns. A 14WF136 section is 
used as the base beam. 
Loading equipment, dynamometers and ee 
instruments are similar to those described 
in Progress Report No. 2.? 
A bracing frame was used to prevent 
lateral deflection, Fig. 3. The surfaces 
of the vertical guides were lubricated 
prior to the test, and the specimen was 
allowed to deflect vertically with only 
slight friction. A “friction” test was 
conducted prior to each main test to 
assure this condition. Such a bracing 
frame as shown in Fig. 3 will not prevent 
all motion in the lateral direction and 
more recently an improvement has been 
made in the design. The newer method 
of support is of the flex-bar type, a larger 
percentage of the lateral motion being 
prevented 
Apparatus for testing the control beam 
was identical to that used in the previous 
beam test program.' Over a 14-ft. span, 
third-point loading was applied through Fig. 2 Continuous beam B7 under test 


rollers on special loading brackets. 


@) Test Program and Preparation of 
Specimen 


One simply supported control beam and 
five continuous beams were tested, as 
listed in Table 1. 

Except for 83, all the continuous beams 
were tested to simulate a ‘‘fixed-ended” 
beam of 14-ft. span, thereby also simulat- 
ing the interior span of a continuous beam 
of many spans. This was accomplished 
by applying load at the ends of the over- 
hanging portions sufficient to return the 
member to a level position at the supports 
after the application of each load incre- 
ment. In Test B3 less than full restraint 
was provided at support points, the can- 
tilever ends being maintained at the same 
deflection as at the supports; thus a 
single bay portal frame was simulated. 
Loading carriers welded to the specimen 
at each load point brought the applied 
load directly to the web of the beam, 
Table 1. Fig. 3 Vertical guide supports system designed to prevent lateral displacement 


206-s Yang, Beedle, Johnson—Tests Welded Beams Wetpinc ReskarcH SUPPLEMENT 


: 
| 8s 
| | 
se | | 4 | Ce 
| ii 
— 
? 
| 
| 
4 a 


Table 1—Tests Conducted on Simulated Continuous Beams and Frames and on Control Beam (B1) 


' 


Test Size of 
Number Member 


8W 40 (I) 34 351 


Support 
Detail 


Bz 14W 30(I) b 


Load Corrier 


C 


| 
| 


Connection Details 


Table 1 also shows the different details concentration, type of connection and of (3) Strain Gages, Deflection Cages 
used on identical tests (B2, B4 and B5) in end restraint, a third variable studied and Level Bars | 
order to give a range in the magnitude of in preliminary fashion was that of shape 


possible welding effects including residual of section. 37 is identical with B4 except About sixty SR-4 strain gages were 
stress and stress concentration. In any that a 14WF30 section was used rather used on each test. Those near the support 
one beam the same detail was used at than the SWF40 shape. The former has points of the beam were used to obtain 
each support. Case (a) is the simplest the proportions of a beam section while the strain distribution in the elastic and 
form. The splice plate of Case (6) in- the latter is a “column” section. plastic ranges to make possible a study 
volves more welding and is a common All specimens were tested in the as- of the combined effects of stress concen- 
structural detail Case (« which in- delivered condition and had section prop- tration, residual stress and the change of 
volves the greatest amount of welding is erties as shown in Table 2. Tension and mechanical properties of the material 
typical of an interior connection compression coupons were tested from due to welding. AX-5 type strain gages 

In addition to the variables of stress representative positions in the members, were mounted on the web of the beam in 


Table 2—Section Properties of Test Specimens 


Flange Web 
Beam {rea, Depth, Width, Thickness, thickness, 
section Nn in. in mn I., in.* Zx, 


RWF40 Handbook 11.76 25 O77 0.365 146.5 
Measured 11.66 8.32 8.060 0.370 147.0 39.65 
variation O85 +0. 84 0.87 +-0.05 

14WFESO Handbook S81 13.86 6.733 0.270 289 6 
Measured 9 11 13.78 6.820 0.281 295.3 18.35 
% variation +333 0.06 +1.50 11 +2.05 


Fig. 4 View of top flange of B3 between support (left) and load point (right) showing typical arrangement of SR-4 gages 
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the region of maximum shear stress. 
Uniaxial strain gages were also mounted 
along the pure bending section of the 
beam to secure data for experimental 
M-¢ curves. A typical strain gage layout 
on a test specimen is shown in Fig. 4. 

On each continuous beam test deflec- 
tions were measured at thirteen points 
along the beam, using Ames dial gages 
Measurements were referred to the neutral 
axis of the beam at the support points 
by means of the deflection gage supporting 
rig. The detail at the beam support 
point is shown in Fig. 5. Dial gages 
fitted with sharpened points were mounted 
on B4 and B5 between the upper and 
lower flanges near the supports to measure 
the local buckling of the compression 
flange. 

Rotations at each load point were 
measured with level bars. In the test 
of beam B3 rotations were measured at 
the support points as well, Fig. 5. In the 
remainder of the program zero angle 
change was maintained at the supports. 

On all tests except B2, two level bars 
were mounted perpendicular to the longi- 
tudinal axis of the beam to measure lateral 
buckling rotation of the central span 
Level bar supports mounted on load 
earriers may be seen in Fig. 17. 

Whitewash (hydrated lime) was applied 
to indicate the yielding pattern and the 
progression of yield zones. 


(4) Test Procedure 

The sequence of load increments, 
measurements, ete., was outlined before 
each test. Readings were set on the 
dynamometer strain indicators and loads 
were applied slowly, evenly, and in small 
increments to hold the reading and main- 
tain constant the test condition of the 
specimen. Readings of dial gages, level 
bars and SR-4 gages were then taken. 

When yielding occurs under constant 
loud in the plastic range, a specified period 
of time must elapse to permit the penetra- 
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Fig. 5 


tion of yield zones into the specimen. 
An arbitrary criterion was adopted for 
taking readings under such circumstances 
as follows: When the increase of detlec- 
tion in the central dial gage of the beam 
was less than 0.002 in. within a period of 
15 min., a complete set of readings was 
taken. The test then proceeded with 
another increment of load. Even this 
procedure meant that a single test re- 
quired a considerable amount of time, 
usually approaching a week of continuous 
testing on a 24-hr.-per-day basis. 

All tests except one were carried through 
the plastic range without interruption to 
avoid the discontinuous 
strength of the beam introduced by the 
effect of strain aging. (Such an effect 
was observed in a previous investigation.) 
In the control beam test B1 loads were 
returned to zero after each increment to 


increase of 


measure the permanent set. 

Loads were kept constant while readings 
were taken. Curves of some deflection 
and strain data were plotted against load 
during each test as a check on the proper 
functioning of apparatus. 


Test B3 showing detail of deflection gage rig at support point. 
bar was used to measure rotations at supports 


Level 


(iD) BENDING STRENGTH OF 
WIDE-FLANGE SECTIONS UNDER 
PURE MOMENT 


(1) Relation of Bending 
Members 


In elastic and simple plastic beam theory 
the strain due to bending is assumed to 
vary linearly over a cross section normal 
to the axis of the beam. The stress and 
strain relation for each fiber of the bent 
member is assumed to be the same as that 
determined in «a simple tension test, 
Tension and compression properties are 
assumed identical. The results of coupon 
tests are given in Appendix A 

In accordance with the assumptions of 
beam theory and assuming that the mate- 
rial does not exhibit an upper vield point, 
the M-@ relation for a WF section has 
been computed and is plotted in Fig. 6.* 
It is based on an idealized stress-strain 
diagram that consists of two straight 
lines. At Point / the elastic limit has 


* Caleulation of M-o curves has been made in 
Progress Report No. 1 », the curvature, is the 
init angle change and is measured in radians per 
inch 
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Fig. 6 Moment-curvature (M-) relationship for 
UF shape according to the Simple Plastic Theory. 
Corresponding stress distributions are shown for Fig. 7 


various points on the curve 
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(Curvature) 


M-¢ relationship for WF shape, due account having been 
taken of strain hardening 
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Fig. 8 (right) Experimental M-o 
curves determined from SR-4 gage 
measurements in the central span of 
four continuous beams 


yreid 


V,/ El. 


? the member is partially plastic 


At Point 
The 


bending moment in the beam section will 


been reached and @, = 


appro h a limit, Point 3, as ce) becomes 


very large. The limiting moment is 
called the “plastic hinge moment,” 
M, = 


where 
400 


[ 


ewe 


Z= plastic modulus; the static mo- Beam 2 Beam 3 J Beam 4 Beam 5 
ment of the entire cross section } ‘i 4 
about its neutral axis f 
o, = lower vie ld saint stress | 
In the simple plastic theory (typified | | i | 
by Fig. 6) the strain-hardening effect of o a 
mild steel is neglected.* Considering 0.0004 Curveture m Radions per inch (Strain Gage Dato 
the strain-hardening effect measured on a — 
number of test coupons a theoretical M-o 4 
curve is shown in Fig. 7 and is based upon : 4 | 
test coupon measurements carried well into la 
the strain-hardening range. Strain hard- 250} 
ening commences when the unit rotation a i f 
reaches @, (ten to twenty times the vield- 
point curvature) and at Point 4 strain 1000) { d 4 | 
hardening is evident in the stress distribu- ‘ f | 
tion. The web material has a_ higher oon | 
vield point than the flange and this has } f | 
been taken into account as shown in the f { 
stress-distribution at Point 3 Equations | 
for calculating points on this curve have f | 
The theoretical curves in both Figs. 6 Beam 2 » Beam 3 ] Beam 4 } Beam 5 
and 7 are based upon the further assump- 250! 4 | J | 4 
tions that no local buckling occurs and 
that residual stresses are absent. | 
Experimental M-@ curves of continuous ol ! - 
beams B2, B3, B4 and B5 plotted from 0001 ger wth Gage 
deflection and strain gages are shown in Fig.9 M-o curves determined from deflection gage measurements 
Figs. 8 and 9. Similar data for control 7 . 
beam Bl are given in Figs. 10 and 11 
These curves, which extend only into 600 
the early plastic range, show that the 
observed plastic strength is as much as | 
10% lower than the predicted value. On 400} ‘ 
the other hand it has been observed in | _ — 
tests of annealed 4-in. I-beams at the if } 
Fritz Laboratory that higher strengths / - 


than the calculated values were indicated 

by the M-@ curves 

These discrepancies between experiment x 
the rather 

that 


and theory result from crude 


assumption in the theory plastic 


strain is uniformly, 


from the neutral axis of the 
When begins in the 
flanges of a WF section, the plastic strain / 
distributed | 


Actually, local 
due to 


distance 


beam vielding 


is assumed to be uniformly 
as shown in Fig. 12 (1+ 
re tormed 


they 


plastic zones 


stress 


concentration and penetrate the 


beam much deeper than assumed in the 


proportional to the = 800) / 


Strain Gages of Section A, @ Ac 


Goges of Section A, 


—— Experimenta 


MOMENT-@ CURVE 


(Plotted from strain gage dota 


TEST 


oicuioted Curve 


Curves 


NO B 


Fig. 10 (right) M-@ curves for con- ° 0 
trol beam BI as determined from 
strain gage measurements 
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theory as in Fig. 12 (1d). At the same 
time some regions in the outer fiber of the 
flange are still in the elastic range. Fig- 
ures 13, 14 and 15 (tests B3 and B7) show 
such localized yield zones as revealed by 
whitewash. The different stages of yield- 
ing are evident, with lines which penetrate 
to different depths. Yielded zones in 
highly polished rectangular specimens 
have been photographed by Roderick 
and Phillips."* Kollbrunner'® tested a 


series of I-beams and observed that the 
specimens yielded in a layer by layer ac- 
tion. Thence, he concluded that the 
material cannot be considered as quasi- 
isotropic in the plastic range. 

Thus the stress and strain relation as 
described in connection with Figs. 6 
and 7 cannot hold true either at the plastic 
zones or in the elastic zones of a section 
under the same moment. For a beam 
under a certain constant moment, the 


600) + 
1400 
1200) 
—— Colcuicted Curve 
—— Expermental Curve 
z 
= wo 
i 
600} TEST NO BI 
MOMENT -@® CURVE 
400) (Plotted From Deflection Goge Dota) 
200) 
% 500 1000 1500 2000 
@ IN RADIANS PER INCH 10° 
Fig. 11) M-¢ curves for control beam BI as determined from deflection gage data 
(la) (1b) (Ic) (id) 
LLLL 
mC >) 
(2a) (2b) 
| 
) 
Section Assumed Actual 
under Stress Assumed non-uniform 
Bending Distribution Yielding Yielding 
Fig. 12) Assumed and actual yield zones in structural steel beams 


Fig. 13 Yield zones in central span of 80 F 40 beam (B3) 
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average value of @ of the member will 
depend on the number of local plastic 
zones initiated. Since the initiation of 
local plastic zones is affected by stress con- 
centrations, residual stresses and nonuni- 
form mechanical properties of the material, 
the ¢-value at a cross section of a bending 
member is therefore not a function of the 
momentalone. Different ¢-values may be 
obtained at a section under the same mo- 
ment due to the presence of the above 
factors. 
heat treatment of the bending member wil! 
affect stress concentration and residual 
stresses, the early part of the M-¢ relation 
of the member is consequently also affected 
by them. 

Thus, depending directly on the mode 
of yielding of structural steel and in- 
directly on stress-concentration and re- 
sidual stress, a larger or smaller ¢-value 
is obtained at a particular moment. 
This means that the simple plastic theory 
will not predict structural behavior as 
closely as elastic theory since the assump- 


Since the geometric shape and 


tions are but rough approximations to 
what actually happens in the structural 
member. 

Although no positive proof is given, the 
fact that as-delivered specimens consist- 
ently show a lower strength than that 
predicted by the simple plastic theory 
(based on the measured material proper- 
ties) may thus be explained partly on the 
basis of stress concentration and residual 
stress in the member, There are an in- 
creased number of local plastic vield zones, 
and the formation of these local plastic 
zones in the beam section will result in a 
higher ¢-value even though the moment 
is kept unchanged since portions of the 
beam vield which are assumed to be elastic 
in the theory. 

Referring to Fig. 14, this photograph 
of Beam B7 was taken at a moment of 
1580 in.-kips. well below the predicted 
yield moment of 1640 in.-kips. The 
vield zones are just beginning to penetrate 
into the web and the measured ¢-value is 
about 0.00026 rad./in. as determined from 
an average of strain measurements (Fig. 
24). In Fig. 15 the moment on the sec- 
tion under pure bending is 1611 in.-kips., 
still below the theoretical initial yield 
moment, but the ¢-value has increased 
to about 0.00035 radians per inch as the 
vield zones extended further toward the 
neutral axis. 

Similar evidence is available from the 
tests in which an SWF40 section was used. 
Referring to Fig. 16 (M = 1150 in.-kips., 
@ = 0.00032 rad./in.), yield zones have 
formed in the compression flange. * Fig- 
ure 8 shows that this yielding was accom- 
panied by a sudden increase in @ due to 
the formation of yield zones at this load. 
In Fig. 17, yield zones are shown in the 
compression flange of the central portion 
of B3 at a moment of 1250 in.-kips. (the 
calculated yield moment is 1325 in.-kips. ). 


* The formation of these lines will be discussed 
later 
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I-beam tests mentioned earlier, the ob- 
served strength was higher than the pre- 
dicted value. Figure 20 shows such a 
beam. Yield zones, evident from the 
white wash, are not distributed along the 
beam in the section under uniform moment 


(as Was the case for as-delivered spe Cl- 
mens) but are concentrated near the load 
points. Yielding was initiated at the 
load points due to stress concentration; 
as further load was applied, the yield 
zones gradually progressed toward the 
center of the beam span from each support. 
The measurement of ¢@ was made at the 


center. Thus the central portion, though 


; , ‘ , under the same moment, was still in the 
Fig. 14 View looking up at B7 (14WF30) showing yield zones in compression 


> : elastic range while the section neat the 
flange commencing to penetrate into the web 


loading points went very far into the 
plastic range. No plastic zone started at 
the central portion, possibly because the 
annealing process made the mechanical 
properties of the beam quite uniform 


On the other hand, the beginning of 
plastic zones in the continuous beam tests 
was quite different. In the central span 
which was under constant moment, yield 
lines were initiated at several places when 
the load reached a certain value, “as shown 
in Figs. 16 and 17 Residual stresses 
introduced due to cooling after rolling 
in the continuous beam probably are the 


reason for the initiation of more plastic 


Fig. 15 B-7 showing further development of yield zones zones in as-delivered beams because the 


mechanical properties are not uniiorm 

The measured curvature of 0.00036 of the experime ntal curves being greater The behavior observed in the annealed j 

rad./in. (Figs. 8, 9) is greater than pre- than any measured in a region of strain 4-in. I-beam tests is in confirmation of 

dicted by the theory. hardening. The theoretical curve of the phenomenon that a lower stress is ; 

As the rotation of the member increases, Fig. 18 is based on the measured material required to begin a slip band adjacent to E 

the plastic zones spread toward the neutral properties and takes strain hardening one already formed than to initiate an "3 

axis and the strain distribution of the into account original band.*? The stress-relief anneal : 

actual case (Fig. 12 (2d)) then approaches Suppose now, that the member is well for the member was probably effective 

the one assumed in the theory as in Fig. 12 annealed, removing the cooling and weld- in making uniform the mechanical! prop- A 

(2 At the larger rotations the moment ing residual stresses. Better agreement erties, increasing the ratio of upper to 
| should approach that predicted by the with theory in the early part of the M-@ lower yield point (this effect was actually 

simple plastic theory curve is observed. In the 4-in. annealed observed in some of the beam tests 


This hypothesis has been confirmed 
by test results as indicated in the M-@ 
curves plotted in Fig. 18. These M-@ 
curves for three different beams were 


plotted from strain gages located near the 
support as shown in the same figure \ 
discrepancy between the experimental 
and theoretic al values Is shown in the 
early part of the curves, but the experi- 


mental curve approaches the theoretical 


value as the plastic zone extends closer 


the tral axis of the bes 3 i i 
ad he neutral axis of the beam Fig. 16 Yield lines formed in compression flange of B2 due to cooling residual 
It is emphasized that the measurements stress. (The pattern has been accentuated by tracing the original lines in ink) 
of Fig. 18 are near a support in a region 
of moment gradient. Thus large local 


unit angle changes are restricted to a 


relatively short length of beam. In the 


center, however, where the moment is 
uniform, a very large over-all rotation is 
required before the local rotations become 
large. This is evident from Fig. 19 where, 
in spite of the large rotations, the o values 
are still less than those coincident with 
strain hardening. 

Figure 18 shows that the later increas 


in moment with increase in @ occurs prior 


to the onset of strain hardening, the slope Fig. 17 Yield lines formed in compression flange of B3 due to residual stress 
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facilitating the formatin of slip Bands 
adjacent to ones already formed rather 
than in other places along the beam. 

The M-¢@ curve for Beam B7 (14WF30 
section) is plotted in Fig. 21. Owing to 
its geometric shape, severe local and lateral 
buckling was observed in this 
specimen. Thus this M-@ curve failed 
to reach the calculated value even after 
vielding penetrated deeply into the web, 
Fig. 22. The problem of plastic buckling 
will be discussed in a later report. 

In engineering design, due to the fact 
that the deflection of a structure must 


plastic 
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usually be héld within a certain limit, the 
early part of the M-@ curves will be a 
region of importance. Thus, the reduc- 
tion in strength (due, indirectly, to re- 
sidual stress) imposes a possible limitation 
on the use of plastic design methods. 
The supports of a completely restrained 
beam must rotate about eight times the 
elastic limit value before the last plastic 
hinge is formed.‘ This is beyond the 
value at which the moment is less than 
predicted for the example shown in Fig. 
13 so that no over-all reduction would 


be experienced. However, if the last 
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x 
| 
£ 1000 
“110 
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§ 
500 --- Theoretical Curve 
—> Experimental Curve of Beam -3 
Experimental Curve of Beam-4 
P | } —o Experimental Curve of Beam-5 
0.001 0.002 0.003 0.004 0.005 0.006 
in Radians per Inch 
fig. 18 Moment-curvature relationship of continuous beams of 8U-F40 shape 


at a section near a support 


Fig. 19 Beam 


Fig. 20 
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at end of test 


tnnealed 4-in, I-beam (7.7 lb. ft.) showing progression of yield zones 
from load points toward beam center 
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“plastic hinge”’ were in a uniform moment 
section then a reduction in strength is 
to be expected if one is to ignore the 
counteracting influence of strain harden- 
ing. 


(2) Strain Distribution in Plastic 
Bending 


In the previous section it was pointed 
out that in the early part of the plastic 
range, local plastic zones are initiated in 
the constant moment portions of the con- 
tinuous beams. It seems obvious (and 
has been observed) that the assumption 
of linear strain distribution does not hold 
true in the plastic range. When the beam 
is also under shear force due to a transverse 
load, this assumption is even further from 
the actual case. Figures 23 (1), B7, and 
23 (2), B2, show the strain distribution 
in beam sections under pure bending. 
Figure 23 (3) shows the strain distribution 
of a beam section under bending and smal! 
shear foree. Figure 2% (4) shows a section 
under bending and high 
These diagrams indicate that the assump- 


shear force. 
tion holds very well in the elastic range, 
but not in the plastic range. 

The discrepancy between the assumed 
and the actual strain distribution at one 
section may be very high, but the in- 
tegrated angle change and deflection over 
a certain length of the beam by using the 
assumption may still give close agreement 
with the test results. 

Actually 
member under bending in the plastic range 
is determined by the portion which re- 


the deformation curve of a 


mains elastic. It is not necessary that the 
strain in the plastic region be proportional 
to the distance from the neutral «axis 
The magnitude of it can be any value 


larger than e¢,, the maximum elastic 
strain, if strain hardening is not con- 
sidered. 

M-¢ curves plotted from measurements 
of strain on the webs of tested beams show 
that the M-@ relation of a section is not 
much affected by the plastic 
fibers which 


localized 
strains in the outer were 


seen in Fig. 23. Figures 24 and 25 show 


Curvotwe m per inch (Stran Gage Dota 


curve for BZ (140 F30) 
near a support point 


Fig. 21 
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Fig. 22. Local buckling of 14WF30 shape 


the M-@ curves of two different sections 
of Beam B7, one under pure moment 
and the other under bending moment and 
small shear force. Considering each figure 
separately the three sets of gauges are in 
reasonable agreement with one another 


YIELD STRENGTH OF 
CONTINUOUS STEEL BEAMS 


(1) Factors Affecting the Yield 
Strength of Steel Members 


In structural design, calculation of the 
initial vield load usually excludes such 
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factors as residual stress and stress con- 
centration. The nature of these factors is 
discussed in the following paragraphs 
and some typical residual stress distribu- 
tions are shown 

(a) Residual Stress Due to Nonuniform 
As-delivered rolled 


sections contain residual stresses caused 


Cooling After Rolling 


by uneven cooling after rolling. Since 
the finishing rolling temperature of steel 
sections is above the reerystallization 
temperature, it is not likely that rolling, 
as such, introduces residual stress 

As an example of the formation of 


residual stress due to uneven cooling in 


4 
€ 
4 
4 
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BEAM B-2 
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are no residual stresses in the section 
The cooling rate at the central part ot 
the flange is lower than at the edges 
The greater contractions of the two edges 
ctue to the proportionately higher cooling 
rates would Cause compression stresses 
at the central part of the flange and tensile 
stresses at the two edges. If no plastix 
flow occurred during cooling, this thermal 
stress would disappear when the tempera- 
ture again became uniform It is known 
however, that the tensile or compressive 
strength of steel is low at high temperature 
Compressive thermal strains introduced 
at the center may exceed the corresponding 
compressive strength during cooling 
Plastic flow will then take place at the 
central part of the flange. Subsequently 
when the member is cocled to room tem- 
perature, the central portion of the flange 
will be left with tensile residual stress 
and the edges with compressive residual 
stress 

The residual strains measured in the 
flanges of WF sections in Progress Re- 
port 1! are reproduced in Fig. 26. As 
expected, the edges are in compression 
and the center is in tension 

The initiation of vielding and progres- 
sion of yield lines in the continuous beam 
tests may be deduced from the known 
residual stress pattern. Measurements 


show that the compress residual stress 


at the edge of the flange is higher than 
This has 
also been observed by other investigators.?° 


the tensile stress at the center 


) 


inches / inch 


Yielé Po Strain 


The distribution of strain at various loads and at different cross sections of beams B2 and BT 


a WF beam, assume that the temperature 
after rolling is uniform and that there 
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Fig. 24 


Central Section 
Beom 7 


Curvature in Radions per inch (Strain Goge Dota) 
M-@ curves at the central portion of B7 as deter- 
mined from three sets of strain gages 


Fig. 26 
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M-¢ curves at a section near the support of B7 as 
indicated by three sets of strain gages 


Fig. 25 


Fig.27 Beam 4 showing yield zones at edge of compression 


(upper) flange 


Fig. 28 Beam 4 showing yield zones in the tension (lower) 
flange formed subsequent to those in the compression 
flange 
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Thus, in bending, the edge of the compres- 
sion flange should reach the yield stress 
first, and yield lines should be initiated 
there. On the other hand, the tension 
flange of the same section of the beam 
should reach the yield stress at a higher 
load and its yield zones should be initiated 
at the center of the flange. The yield 
zones will be initiated in both the tension 
and the compression flanges at loads that 
are theoretically less than the calculated 
initial yield load 


stress. 


neglecting residual 

Figure 27 shows the first appearance of 
vield lines in the central span of B4 in 
the compression flange at the edge (load 
W = 46 kips.). Figure 28 shows the 
initial yield lines in the tension flange 
which started at the center of the span 
well after the development of lines in the 
flange (W = 54 kips.). 
When strain gages are mounted on the 


compression 


tension and compression flanges, the data 
show that the compression flange con- 
sistently reaches the yield stress first. 
The compression and tension yield points 
have the same average. 


A 


(See Appendix 


In a recent inspection at a rolling mill 
it has been observed that no vield lines 


are formed due to cooling and prior to 


Fig. 30 
bending after rolling. 


Fig. 31 
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[The pattern has been accentuated by tracing the original 
(lines in ink)] 
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Fig. 29 Residual stress due to cold 
bending 


cold straightening of the member. A 
rough appearance of the mill scale at the 
junction of the web and flange is the only 
visible evidence of the plastic deformation 
which occurred there during the cooling 
evele 

(b) Residual Stress Due to Cold Bending 
or Cambering. Rolled sections are usually 
slightly bowed after rolling due to differ- 
ential cooling rates. Cold bending is 
nearly always necessary to straighten the 
sections in the mill before delivery. Due 
to such bending beyond the yield strength, 
a pattern of residual stress is usually left 
in some parts of the rolled section which 
differs from the cooling residual stress 


in additional example of yield lines formed in the flange of a rolled shape 
due to cold bending 
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pattern. A typical distribution of 


sidual stress due to cold bending is shown 
in Fig. 29.* The magnitude of residual 


stress along the section will be:T 


on =n [4 (12 -2,) - 


Subscripts 1 and 2 refer to the stress 


when y Is greater than or less than yo, 
respectively. 
Cy = vield point stress 
y = distance from the neutral axis 
J, = moment of inertia of the plastic 
part of a section. 


Z, = plastic modulus of the plastic part 
of a section. 

yo = distance to point of maximum 
penetration of vielding 

I = moment of inertia 

*In a discussion 0} 


cold bending, T 
tion for a rectangular cro 
tially to its ultimate stre 


t The derivation is in 
18 and 19 
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The maximum possible residual stress 
occurs when yo approaches zero (Mo = 
Vp) and 
max. (3) 

The existence of the pattern of residual 
stress shown in Fig. 29 will either raise 
or lower the initial vield strength of the 
section depending upon the direction of 
WV, and the subsequently applied moment. 
The above expressions apply no matter 
about which axis the member is bent. 

Figures 30 and 31 show Leuder’s lines 
on the mill seale of a rolled section prior 
to test. Figure 30 with its diagonal lines 
shows au member w hich was probably cold 
bent (“gagged”) in such a way that the 
flange shown was under tension. Thus 
vield lines, inclined at about 45 degrees 
to the beam axis and caused by tensile 
stress, are in evidence near the center of 
the flange where the residual stress due 
to cooling is in tension. Such is not the 
case in Fig. 31, the lines formed probably 
being due to cold bending about the weak 
axis. The similarity of these patterns 
of yield lines with those seen during the 
conduct of beam tests is confirmation 
that the yielding is due to cold bendiag. 

The residual stress pattern measured 
across another WF section! is reproduced 
here in Fig. 32. The pattern is one which 
would be expected from cold bending. 

The practice of cambering steel mem- 
bers undoubtedly leaves a similar stress 
pattern to that shown in Fig. 29. The 
initial vield strength of the member would 
be reduced by the residual stresses if 
a direction opposite 
Unfortunately, 
the load applied to a cambered section of 


load is applied in 
to that of the camber. 


a bridge or crane girder is usually in this 
“weaker” direction, so that a lowering 


of yield strength would be expected. 
This problem is now examined, 

According to the A.LS.C. Handbook, 
the maximum camber of a 21WFI112 
beam with a span of 25 ft. is Lin. The 
maximum every 


section of the beam during cambering is 


moment applied at 
assumed to be a constant (beam under 
pure bending Thus the curvature after 
cambering is also a constant, or, from 


Equation 15 0f Appendix B, 


= r+ ¢ 


At = 0, = 0 and at z 
Thus, = 0, and C, = -—(C 
Equation 5, 


L, v = 0. 
2). From 


Now, ate = L/2,+ = Lin., the maximum 
camber: therefore, = -(8 L?). Sub- 
stituting into Equation 4, 
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Fig. 33 


For the given problem, L = 12 X 
7 = 2621 in.* Assuming FE = 30 
ksi., oy = 33 ksi., 
then 

I, 


Yo 


— Zp = 204 


Solving the above equation, yo = 5.5 in. 
At the extreme fiber (Equation 21 of 
Appendix B) 


and by substituting the known quantities, 
on = —0.0960, 


The negative sign signifies that the stress 
at the extreme fiber of the member is 
reversed after the load is removed. The 
flange loaded in tension during camberin< 
would thus contain compression residual 
stresses at the extreme fiber. But this 
flange is normally the compression flange 
when used in a structure such as a bridge. 
Thus there is a reduction of yield strength 
of the member due to cambering of ap- 
proximately 10%. There is likelihood 
of additional reduction due to the Bau- 
schinger Effect, decreasing in the course 
of time due to aging. 

However, cambering will remove other 
residual stresses in the flanges (welding, 
cooling and cold-straightening) which in 
themselves tend to reduce the initial 
vield load. Thus the exact magnitude 
of the reduction in vield strength due to 
cambering is expected to be quite vari- 
able. Theoretically, the ultimate strength 
would not be affected by the cambering 
process -only the yield strength. 

(c) Residual Stresses Due to Welding. 
Residual stresses are developed in wel led 
structures when dimension changes in 
heating and cooling cannot take place 
freely.6 These are similar to those de- 
veloped due to uneven cooling as discussed 
previously. The pattern of welding re- 
sidual stress is usually very complicated 
because a large number of factors are 
involved such as the type of welds, the 
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Yield lines formed in web of B7 near load point 


material, the welding procedure and the 
shape of the structure to be welded. 

In the members tested in this program 
the welding involved was all in the vicinity 
Thus 
the welding residual stresses would be 


of connections and load carriers. 


localized and the pattern complex. The 
surface yield lines produced by the welding 
of load-carrying stiffeners were shown 
in Fig. 27 of Progress Report No. 1.! 

In the event structural beams were built 
up by welding web plates to flange plates, 
a pattern of stresses should be obtained 
similar to that found due to cooling re- 
sidual stresses described earlier. The 
mechanism for formation of these welding 
residual stresses is similar ;* tensile stresses 
would be found at the junction of web 
and flange and compressive stresses at 
the flange edges. Thus the superposition 
of bending stresses on the member is 
expected to have a similar effect to that 
deseribed earlier. This has been con- 
firmed in the test of built-up connections 
described in Progress Report 4, Part L.* 
See, for example, Fig. 48 of that paper. 

(d) Stress Concentration. The ordinary 
beam theory generally used in structural 
design will not predict precisely the stress 
distribution at the ends or support points 
of a structural member. Discontinuities 
introduced by welds, supports and changes 
of section occurring in a structural member 
cause local stress concentrations. There- 
fore, local vielding usually takes place in 
the structure well below the calculated 
initial yield load. As a 
nonlinear behavior may be expected. 

The three different 
shown in Table 1 were adopted in part 
to vary the magnitude of stress concentra- 
tion. Although detail (a) involves the 
least amount of welding, the disturbance 
to the assumed shear distribution will 
probably be the greatest since the flange 
rests directly on the support. 
(b) and (ec), together with the load carriers, 
would provide more nearly the theoret ic- 
ally assumed shear distribution, but some 


result, early 


support details 


Cases 


deviation is still to be expected. 
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(2) Test Results and Discussion 


The combined effects of welding residual 
stress and stress concentration cause local 
vielding at low loads at the supports 
At portions of the member removed from 
the connections the cooling or cold- 
straightening residual stresses will cause 
a reduction in the load at which yielding 
first occurs and this yielding may extend 
over a greater length of beam than the 
part containing welding residual stress 
The seriousness of residual stress in a 
member under flexure will depend in part 
on the resultant influence on the load- 
deformation relationship. 

Local yielding at supports and load 
points generally changes the linear load- 
deflection relation into a nonlinear one, 
but the change is usually very small 
On the other hand, when the load carrying 
stresses exceed the vield stress level, the 
change in the load-deflection relation is 
Hardy Cross* 


usually more drastic. * has 
differentiated 


stresses” and 


between “load-carrying 


‘participation stresses”’ 
and has emphasized the importance of 
evaluating the relative importance of the 
latter 
at supports and the accompanying stress 


tesidual stresses due to welding 


concentrations constitute a “participation 
stress” that is not serious provided it 
does not lead to low-temperature brittle- 
ness. On the other hand the participation 
stress due to cooling residual stress will 


Fig. 34 Yield lines in compression flange of B4 at support 


Fig. 35 
point 
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be of greater importance since it is dis- 
tributed all along the member. Thus in 
Fig 15 where the beam is under pure 
bending, the addition of load-carrying 
and participation stresses would produce 
vielding all along the member at a lower 
load than predicted, resulting in a greater 
increase in deflection 

In most structures excessive deflections 
are objectionable. The justification for 
the present design methods that largely 
ignore residual and local stress concentra- 
tion is the fact that the deflections of 
structures so designed are automatically 
limited. The criterion of strength of 
structures in reality always has beea one 
of deflection rather than stress, so long 
as the stress level did not violate some 
other design condition. Consequently, 
the over-all influence of residual stress 
and stress concentration on the strength 
of a structure may be evaluated by con- 
sidering the influence of these combined 
factors upon the deformations 

In the following paragraphs the data 
have been arranged under a number of 
headings which classify the means by 
which stress concentration and residual 
stress have been evaluated: ie, (a 
Local Plastic Flow, (6) Strain Measure- 
M-@ Measurements and (d 
addi- 


ments, (c 
Deflection 
tional sections have been included. In 


Measurements. Two 


(e) dealing with welding residuals at 


supports, moment-load relations are stud- 


ied; whereas, section (/) is a summary. 
(a) Local Plastic Flou 


dicates loads at which yield lines first 


Table 3. in- 


appeared at supports and at loading points 
as a result of stress concentration and 
welding residual stresses combined with 
load-carrying stresses. The location of 
vield lines is at the supports and load 
carriers, the lines usually forming in the 
web in a manner which indicates that 
yielding occurred due to combined bending 
moment and shear force. Figure 33 
shows the location of the first observed 
vield lines in Test B7 and is typical of 


the first yield zones. Figures 34 and 35 
show lines (traced in ink) at supports and 
load points where welding residual stress 
is probably an important factor. In this 
test (B4) these lines were 


formed at the load increment which fol- 


particular 


lowed that in which lines similar to those 
in Fig. 33 were formed 

Table 3 shows that local yielding oc- 
curred at loads as low as about 25°) of 
the calculated initial vield load, B2 
and B3 yield at the lowest loads, and one 
possible reason is that the reaction at the 
supports is transmitted directly through 
the flange to the stiffener (see Table 1 
The stress concentration factor is un- 
doubtedly greater than in the case of 
B4, B5 and B7. Also, since B2 and B3 
were not spliced at the support, a greater 
amount of welding residual stress was 
probably present 
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Fig. 36 Load-strain curves for gages mounted on the 


flange of B3 in the vicinity of a support 
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The tests show that local yielding occurs 
at proportionately lower loads when the 
member is continuous over the support 
(B2 and B3) than when the support load 
is transmitted to the member by a splice 
plate (B4, B7) or a column stub (B5). 
In the latter cases local yielding occurs 
at about 45°7% of the calculated initial 
yield load. 


b) Strain Measurements. The arrange- 
ment of SR-4 gages mounted on the 
flange of B3 in the vicinity of the support 


s shown in Fig. 4. These gages were 
installed to observe variations in strain 
due to stress concentration and residual 
stress. The data from the strain gages 
on the top flange over the support is 
plotted in Fig. 36. As determined by a 
deviation from a straight-line relationship, 
local vield was observed at a load of 
about W = 24 kips while the calculated 
initial vield load for the beam is Wo= 47.5 
kips. The earliest deviation is observed 
at gage 9 directly over the support point 
The influence of the connection disappears 
very rapidly. (Compare gages 8 and 7 
with 9 The relative increase in strain 
at loads below 30 kips. for gages 10 and 11 
is possibly due to the fact that the gages 
are lo ated In a region of high shear and 
since the web does not carry its propor- 
tionate share of the moment, the flanges 
carry increased strain. 

The data from strain gages mouate lon 
B5 also indicate a nonlinear behavior 
at low loads close to the support. Figures 
37, 38 and 39 show that the outer fiber 
of the beam section 2 in. from the june- 
ture with the columns started to yield at 
a much lower moment than the sections 
which were 6 in. from each column At 
16 in. distance from the column flangs 
(Fig. 39) the discrepancy between test 
and theory is still less although local 
deviations still exist. 

Rosette gages mounted on the web of 
B4 make possible the comparison of ex- 
perimental with the theoretically pre- 
dicted maximum strain distribution on 
the web of the beam near a support and a 
load point. These relationships are shown 
in Fig. 40. The early portion of the aver- 
age experimental curves are very close to 
the theoretical ones. However, local 
yielding caused deviation between experi- 
mental and theoretical curves as the loads 
were increased, The theoretical moment 
shear strain curves in Fig. 40 were com- 
puted on the basis of shear and flexure 
beam formulas. 

(c) M-@ Measurements at Beam Center 
The strain data presented in the previous 
section were all collected from gages 
located at the supports or load points 
and are thus sensitive to stress concent ra- 
tions and welding residual stresses. Since 
these two factors are not present in the 
center of the beam span, the influence 
of the cooling residual] stresses may be 
observed from M-@ curves previously 
presented, Figs. 8-11 and 24. Comparing 


Table 3—Observed First Yield Lines 


CONNECTION FIRST APPEARANCE INITIAL YIELD LOAD 


BEAM DETAIL OF YIELD LINES (calculated) Wy 


W. (kips) Wy (kips) (%) 


18.0 438 416 


B2 a 90 35.5 25.4 | 
63 10.5 47.5 22.2 

| 
B4 15.0 35.5 423 | 


i8.0 35.5 50.6 | 


eon 
yeild vokue 
400} = - 
} 
200} 
1000} / 
Moment J 
inch taps) | j 
B00} 
| 
/ 
6001 y A 
| j 
/ 
400} / 
200} 
| \ A 
b 
904 Strom om inches per inch 
yield | 
} y 
/ 
1000) f 
f 
Moment f 
f 
600) 4 y 
; 
400) 
/ 
A 
4 e 
A 
Stran in inches per inch 
Fig. 39 Strain measurements of Beam 5 at a distance of 20 in. from line 
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Fig. 40 Theoretical and experimental maximum shear strains at three cross sec- 


tions of Beam 4 


the experimental moment carried at the 
predicted initial yield rotation, @,, with 
the theoretical value, the per cent reduc- 
tion of moment due to cooling residual 
stress is shown in Table 4. The reduc- 


Table 4—The Reduction in Yield 
Strength Due to Cooling Residual 
Stresses 

Observed 
Calculated moment % 
initial atcaleulated Reduction 
yield initial yield of 
moment, rotation, dy, moment, 
Beam in.-kips. in.-kips. % 
B2 1325 1180 10.9 
B3 1325 1240 6.4 
B4 1325 1190 10.2 
B5 1325 1200 9.5 
B7 1636 1510 7.5 


tion ranges from about 6 to 11°. Ex- 
amination of Figs. 8-11 and 24 show 
that the per cent increase in @ at the 


w w 
4 

i 


\ Mo 


Fig. 42 Test B3. Loading arrange- 
ment, simulated frame and distribu- 
tion of moment 


Mo 


Fig. 43 Distribution of moment in 
Bea 7 
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calculated initial yield moment is greater 
than the above percentage reductions in 
moment. 

(d) Deflection Measurements. Nonlin- 
ear behavior due to local yielding at 
loads lower than predicted is reflected in 
the load deflection curves. 

The values of the initial yield load and 
corresponding deflections of the beams 
have assuming elastic 
behavior and are tabulated with results 
of tests in Table 5. It indicates the over- 
all influence of residual stress and stress 
concentration upon yield strength. Two 
methods of comparison have been used 
to specify “yield strength.’’ Measured 
and theoretical deflections are compared 
at the calculated initial yield load (Column 
4) and measured and theoretical loads 
are compared at the calculated initial 
yield deflection (Column 7). Figure 41 
demonstrates the method by which the 


been calculated 


data in Table 5 were obtained, the incre- 
ment of deflection at Wy and the reduction 
of strength at 6, being indicated, 


— merement of Deflection 


Fig. 41 Hypothetical load-deflection 
curve showing method for determin- 
ing the yield strength 


The experimental load-deflection curves 
are shown in Figs. 49, 50 and 51. 

The tests show that the beams reached 
the calculated deflections at lower loads 
than predicted (ranging from 10 to 25°) ) 
and that at the calculated initial yield 
load the deflections were greater than 
predicted (ranging from 13 to 88% ). 

The effects of local yielding on the 
deflection of structures also depends on 
the type of loading (or restraint ) on them. 
Beam B3 was tested to simulate a single- 
span frame. The ends of the two over- 
hanging beams were maintained at the 
same elevations as the two 
The loading and simulated 
shown in Fig. 42. In the elastic range 
the moment diagram of the beam will 
then be such that the moments at the 


supports. 
frame are 


supports and the center are equal. At 
the calculated initial yield load (W= 
47.5 kips.) moments should be the same 
at the center and supports and equal to 
1325 in.-kips. The corresponding cal- 
culated maximum deflection will be 0.79 
in. At the same load the deflection ob- 
served in Test B3 was 887 greater (Table 
5). 

The percentage increment of deflection 
at the calculated initial yield load for the 
rest of beams in Table 5 is smaller. In 


Table 5—Yield Strength of Continuous Beams 


DEFLECTION | DEFLECTION INCREMENT INITIAL YIELD OB8SERVED % REDUCTION 
BEAM AT INITIAL YIELD AT INITIAL YIELD «OF ‘DEFLECTION. LOAD LOAD IN LOAD 
(computed) (computed) AT By 
Wo 
(in.) (in.) (kips) (hips) 
B2 30 42 40.0 355 270 239 
| 
B3 79 | 1.47 - 88.0 475 405 14.7 
B4 30 | “41 36.6 355 280 21.1 
“i 30 34 13.3 35.5 320 9.9 
18 24 35.8 43.8 33.0! 241 
68,04, OF LOAD DETAILS 
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tests 2,4, 5 and 7 “‘fixed-ended” conditions 
were simulated at the supports. Figure 
43 shows the corresponding moment 
diagram. In this case, the two ends of 
the central section of the beam will start 
to yield before the theoretical initial 
yield load of the beam is reached. But 
the theoretical magnitude of the moment 
in the central section is only one half that 
of the support when the beam is perfectly 
elastic. Therefore, the central section 
should not start to yield at all until the 
load on the beam has increased by a cer- 
tain amount. During this period the 
end sections will continue to deform, and 
before the central section yields the sup- 
port moments will approach the plastic 
hinge moments. Thus, the effects of 
residual stress and stress concentration at 
the ends will largely be eliminated. The 
deflection of the beam at the initial yield 
load will still be higher than the calculated 
value, but the ratio of increasing deflection 
will not be as great as in the case of B3. 

Comparing B2, B4 and B5 (Table 5), 
the only variable is the connection detail. 
The sequence of decreasing increment of 
deflection is accounted for, in part, by the 
increased restraint against shear deforma- 
tion provided by the increased stiffness 
of the connections. 

Table 5 also shows that B4 and B7 
identical except for shape of cross section 

behaved in similar fashion in the region 
of their respective initial yield loads. 
Thus, from these tests there is no signifi- 
eant influence of shape of section on the 
yield strength. It is expected that this 
may not be true in the plastic range. 

In some structures deflection is critical. 
In others, large deformations may be 
tolerated. The above discussion and the 
comparisons made in Table 5 concern the 
region of the initial yield load. This was 
done because the statistical nature of the 
factor of safety does not eliminate the 
possibility of loads exceeding the working 
load. However, when deflections are 
examined in routine procedures, the limita- 


NEGATIVE 
MOMENT 


POSITIVE 
MOMENT 


DECREASE 
NEGATIVE 
MOMENTS 


tion is usually 
working loads 


INCREASE 
POSITIVE 
Redistribution of moment due to plastic deformation—Amirikian’ 


parison similar to that contained in Table 


based on the deflection at 
Table 6 presents a com- 


Table 6—The Strength of Continuous Beams at Working Loads 


Beams limited by load 
Calculated 
defle ction 


Working at working 
Beam load ,* kips. load, tn 
B2 21.5 0.18 
B3 28.8 0 
B4 21.5 0.18 
B5 21.5 0.18 
B7 26.5 0.11 


Observed 

deflection 

at working 

load, im. 
0.21 
0.52 
0.18 
0.21 
0.13 


Beams limited by deflection 
Load at limit deflection 


Limit Theoretical, 
Beam de fle clion,t in kips. 
B2 0.47 
B3 0.47 28 
B4 0.47 
B5 0.47 
B7 0.47 


Experimental, 


k ips 


* Theoretical elastic limit load divided by 1.65. 
« multiplied by the span length in inches. 


t A.L.S.C. Specification: 
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ELASTIC CURVE 


6,7 DEFLECTION ANGLE DUE 
TO ELASTIC BEHAVIOR 

DEFLECTION ANGLE DUE 
TO PLASTIC DEFORMATIONS 
AT JOINTS 


MOMENT DIAGRAM FOR 


ELASTIC BEHAVIOR (DUE 
TO @,) 


MOMENT DIAGRAM FOR 


ELASTIC-PLASTIC BEHAVIOR 


(DUE TO 6,+ ®,) 


CHANGE IN STRESS 


PATTERN OUE TO 
PLASTIC DEFORMATIONS 


5 except at the working load. Deflections 
are larger than predicted ranging from 
zero to about 18°; If the deflection 
were to be limited by the A.LS.C. specifi- 
cation it would be necessary to reduce the 
theoretical working load for B3 from 28.8 
to 28.1 kips Due to residual stress and 
stress concentration, Table 6 indicates a 
further reduction of about 8% 

(e) Welding Residual Stress at Supports. 
The effect of welding residual stress at 
supports has been considered by Amiri- 
kian.?” The example is reproduced in 
Fig. 44 for illustration. The ‘decrease’ 
shown in (e) is a decrease in moment at 
the support as compared to that which 
would be theoretically computed and 
does not represent an actual reduction ia 
moment under increasing loads. For 
example, a variation in the experimental 
moment-curvature relationship such as 
that shown by the solid line in Fig. 45 
indicates, for a given end rotation @,, 
that the connection will carry only a 
moment MM, instead of the predicted 
moment My. 
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Moment 
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Fig. 45 Hypothetical decrease in mo- 


ment capacity at a joint for a given 
unit rotation 


Quoting from Reference 7, “Under dead 
loading as well as under initial applied 
loading, the changes of stress in members 
of a frame due to plastic yielding at the 
joints may be of such magnitude as to 
require a revision of our present met hods 
of analysis of continuous structures.” For 
simplicity, assume that the ends of the 
In Fig. 46 the moments 
at the central section and at the two ends 
of the beam are plotted against the load. 
The dotted lines represent the elastic case 
where end moments have a value equal 
to 50°) of the central moment. Assuming 
commencing 


beam are built in. 


inelastic behavior 
at a load W), the ceater section is called 
upon to carry a greater than 
predicted. When the load reaches Wy 
the central moment is VM, instead of M, = 
When the 
beam tests are presented in this manner 
(Fig. 47) they do not show the redistribu- 
tion of moment expected according to 
the previous (The dotted 
lines represent theoretical curves which 
have determined by a numerical 
integration process.*) However this does 


typical 


moment 


results of the continuous 


discussion. 
been 


not mean that there was no local plastic 
vielding at the supports below the cal- 
culated yield load. In fact it has already 
been demonstrated that this did occur. 
The redistribution of moments shown in 

* Similar curves have ‘been wed by Horne!? 
in a paper which describes (on a theoretical basis) 


the influence of strain hardening on the ultimate 
strength 


Moment eng moments 
calculated minal 
yeild lood 


Lood 


Fig. 46 Hypothetical moment-load 
characteristics of beam with welding 
effects at joints 


Fig. 46 is under the assumption that the 
central part of the beam does not yield 
locally. In the tested beams local yielding 
oecurred both at the supports and ia the 
central section near the loading point. 
Examples were given in Figs. 33, 34 and 
35. Therefore, (e curves in Fig. 47 do 
not show significant redistribution of end 
and central moments at loads below their 
calculated initial yield strength because 
the effects of local vielding at supports are 
offset by local vielding at load points. 

A more critical case, theoretically, is 
that of the fixed-ended beam with central 
concentrated load. In Fig. 48, if at 
load W, the connection yields, then the 
carry greater 
moment than When load 
W, is reached the section will 
yield at a load which is less than Wy. 
On the other hand if local yielding only 
occurs at the central section of the beam 
perfectly 


center is called upon to 
predicted. 


central 


and the connections remain 
elastic, the moment will be increased at 
B3, although of different 
loading and end restraint, also has equal 
moments at the center and the support 
and its behavior shown in Fig. 47 indicates 
that the distribution of moment was not 
affected substantially. 

These tests show that the welding of a 
stiffener flanges causes local 
vielding at lower bending moments and 
is thus of more significance than yielding 
in butt welds to splice plates and columns. 
In B4, for example, flange vielding occur- 


the supports. 


between 


Ma 


| 

rd 


& 


Load 

Fig. 48 Hypothetical redistribution 

of moment due to yielding at sup- 
ports only 


red over the support (Fig. 34) and the load 
point (Fig. 35) at the same time and at a 
about 18 kips. 
moment at the support is twice as great 
as that at the center, indicating a more 


load of However the 


serious condition created by the load car- 
rier and intermediate stiffener. In Fig. 47 
no deviation in the moment-load relation 
from theoretical values is seen at a load 
of 18 kips. (In Fig. 49 B4 does indicate 
an increase in Thus the 
effects of yielding at supports and load 
This is also 


deflection. ) 


points offset one another. 
true of B5 and B7 where the details are 
similar. The slight discrepancy in B2 
and B3 (Fig. 47) is observed because the 
support detail is an intermediate stiffener 
and is similar in its welding effects to the 
load carrier (Table 1). As predicted by 
Amirikian, a change in moment-distribu- 
tion occurs, but the deviation is of small 
magnitude and does not exceed about 8° 
at the theoretical initial yield load. 

Local yielding did increase the deflec- 
tions of the beams by larger increments, 
percentagewise, as was shown in Table 5 
The load-deflection curves of the beams 
tested are shown in Figs. 49, 50 and 51. 
The theoretical curves are indicated by 
the dashed lines in each case. A portion 
of the improved behavior of B4 over B2 
and B5 over B4 is due to the increased 


T 
"end Moment Center Moment End Moment 
+--+" 


2000 
Theoretical Curve 
End Moment 


1600 
—> Center Moment 


Moment in inch-Kips 


Beam - 3 


Beam - 
Fig. 47 


Yang, Beedle, Johnston 


Beam - 4 
Load in Kips 


Moment-load relationships for continuous beams 


Beam -5 


Beam-7 


Tests Welded Beams WeLDING RESEARCH SUPPLEMENT 


3 

Moment | 

— 

Pt 
| 

j 

A 


Calculated 
inal yield 


Calculated 
initiol yield 


Load in Kips 


Maximum Load 
corned: 56.3 Kips 


08 


Fig. 50 


12 1.6 2.0 
Deflection in inches 
Beam - 2 
60 
yield 


40 


20 


\2 16 20 24 28 
Deflection in Inches 
Beom 3 


Experimental and theoretical load-center line deflec- 
tion curves for B3 (8W F40) 


Calculated 
intial yeild 


Load In Kips 


o4 08 1.2 1.6 
Deflection in inches 


Beam -4 


2.0 


2.4 
40 


in Kips 


04 08 12 16 
Deflection in Inches 


Beam - 5 


20 


2.4 


Fig. 49 Experimental and theoretical load-deflec- 


tion curves for continuous beams 2, 4 and 5. 


tion measured at center line 


stiffness of connections which has been 
mentioned earlier. Yielding of the web 
due to shear force occurred on the two 


sections that extend between the supports 
and third point loads. 
Amirikian’ the 


portance of welding residual stresses at 


has emphasized im- 


beam connections. Actually, as observed 
from the experiments, the presence of 
cooling residual stress is also an important 
factor and in some cases will have a greater 
effect 
load 


In Fig. 52 the early part of the 
Beam B3 is 
Yield lines just 


deflection curve of 
plotted to a larger scale. 

appeared in the web of the beam in regions 
close to the supports and loading points 
10.5 kips. 


ata load of W = It is evident 


that the deflection measurement was 
scarcely sensitive to the change at this 
load. As the load increased the local 


yield lines increased in number, but they 
were confined to these very small areas 
near the supports and loading points. 

At a load W = 40.5 kips., vield lines 
suddenly developed in the compression 
flange along the whole central portion of 
the 


(Fig. 16 


the loading 
At the same time the vield 


beam between points 
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Deflec- 


lines in the compression flange near the 
supports had spread to a much larger area 
than the local yield lines previously de- 
veloped. 

Appare ntly local vielding due to welding 
residual stresses and stress concentration 
commenced at a load which was about 20°, 
The 


bending stresses in the compression flange 


of the calculated initial yield load 


near the supports and in the central por- 
tion of the beam superimposed with the 
compression residual stresses due to cooling 
reached the yield point at a load between 
37.5 and 40.5 kips. 
the 
yielding 


52 shows that 
due to 
a load of 37.5 kips. is 
On the other hand, deflec- 
tions started to increase drastically above 
the 


Figure 
deflection increment local 
below 
very small. 
which the cooling residual 
into effect 


seems that the cooling residual stresses 


load at 
stresses came Therefore, it 
are of more importance in causing an 
increase in deflections than are welding 
residual stresses and stress concentration 
at the connections. 

(f) Summary. Tosummarize the above 
discussions the yield strength of structures 
is affected by factors such as stress con- 
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centration and residual stress. The pres- 
factors will the 
the structure. Welding 


residual stresses and stress concentration 


ence of these increase 


deflection — of 


at the joints of continuous beams haye 
rather the deflections 
cooling residual 
However, it that 
effects of stresses 
will be more pronounced if the welds afte 


small effects on 


when compared with 


stresses, 


is expected 


the welding residual 
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Fig. 52 Load-deflection relation of 
B3 in the region below the calculated 
initial yield load 
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applied all along the structural member. 
This is the case when an I section is made 
up of plate material or in large built-up 
The cooling residual st resses 
are present no matter whether riveted, 
bolted or welded construction is used. 

The magnitude of redistribution of 
moment, and hence stress, due to local 
yielding is of small magnitude and does 
not compare to the percentage increase 


connections. 


in deflection due to the same factors. 
If it is considered that the increase in 
under 
and 


deflections (or permanent set 


load) due to stress concentration 
residual stress is critical then it appears 
that the present design theory of a per- 
missible working stress based on the initial 
Such 
a modification could be an increase in the 
to cover the effects of 


yield would require modification. 
factor of safety 
cooling residual st ress. 

Since safe structures are designed ac- 
cording to presently accepted specifica- 
tions, it is probable that the factor of 
safety already covers the possible reduc- 
tion of strength of steel structures due to 
residual stress. However, it appears that 
the percentage reduction due to this factor 
has not generally been realized since the 
term “Presence of Residual Stress and 
Stress Concentration” is not usually found 
in lists of possible unavoidable errors in 
design.* 


(VY) ULTIMATE STRENGTH OF 
CONTINUOUS BEAMS 


In the structures tested, which had the 
ability to deform plastically, there is no 
particular significance in the initial vield 
Yielding due to residual stresses 
and stress concentrations combined with 
load-carrying stress actually occurred at 
loads well below those predicted according 
The accelerated 
increase in deflections commenced either 
at loads lower than or greater than the 
For such structures, 


load. * 


to conventional theory. 


initial vield load. 


then, although designs based upon it have 
been successful, the initial yield load is 
not a particularly rational basis for design. 
Deflection seems to be the more logical 
criterion and this concept has been ex- 
amined elsewhere? 

The effects of residual stresses or stress 
concentrations at a beam section are theo- 
retically eliminated after the section has 
been subjected to a certain amount of 
plastic straining. From test results it 
has been observed that the plastic hinge 
moments of the beam sections agree with 
the caleulated values after vielding has 
completely penetrated into the web of the 
section. Since the plastic hinge moment 
is not reduced by residual stress and stress 
likely that the 
ultimate strength of a structure is affected 


concentration, it is not 


unless inelastic local buckling is intro- 
duced. 


* The possibility of structural brittleness must 
be avoided by the use of proper materials, good 
design and correct fabrication practices 


Fig. 53 Plate containing residual 
stress and subjected to a uniform 
compressive stress at the ends 


The subject of local buckling will be 
discussed in detail in a separate report. 
A paper on factors which influeace the 
ultimate strength of continuous beams is 
in preparation. In this report attention 
is restricted to the vield strength of the 
beams tested. 


(VI) THE INFLUENCE OF 
RESIDUAL STRESS ON THE BUCK- 
LING STRENGTH OF STRUCTURAL 

MEMBERS 


Residual stress reduces the yield 
strength of a beam or frame; it also 
affects the buckling strength of structural 
steel members. Consider the example of 
a steel plate which has cooling residual 
stresses uniformly distributed along the 
member with the symmetrical pattern 
at each cross section as shown in Fig. 53.t 
Under the compression load shown, the 
edges of the plate will start to vield as 
soon as the average stress o reaches the 
value 

o = Gy — Ore 


where ¢@ is the applied stress, oy, the lower 
yield point stress and ¢,- the compression 
residual stress at the edges. 

If the yielded parts of the plate are 
considered to be perfectly plastic,* the 
bending stiffness of those portions will 
reduce to zero. When the tangent modu- 
lus conceptT for buckling is used, the 
buckling strength of the compression 
member will be equivalent to that of a 
compression member considering only the 
elastic part. 

If the residual stress pattern is known, 
the buckling strength of the plate of 
Fig. 53 about its weak axis can be found 
in terms of the tangent modulus of its 
average stress-strain diagram considering 
the residual stresses in it. Consider for 
example that uniform compression is 
applied to the ends of the specimen. In 
Fig. 54 is shown the resultant combination 
of residual and load-carrying stress. 
The material is assumed to have a linear 
diagram. Also, the load- 
carrying strain is assumed constant over 


stress-strain 


the whole cross section. Let 
* The stress-strain diagram is idealized to con- 
sist of two straight lines with slopes 2 and zero 
+ A symmetrical distribution pattern is typical 
for residual stresses due to cooling The problem 
of unsymmetrical distribution of residual stress is 
not considered here 


A =one half of the total cross-sec- 
tional area of the plate. 


A = al. 

A, = one half of the elastic area. 

A, = txo. 

zo = one half the width of the elastic 


portion. 
o, = residual stress function. 
average stress on the cross section 
of the plate. 


When exceeds oy, part will be 
elastic and part plastic. The total force 
must 
Prior to loading, 


at the cross section balance the 
applied force, o X A. 
however, the net force was zero since the 
residual equilibrium, 
Thus the net force after loading is made 
up of an increment of force in the plastic 


stresses were in 


part (2 between 2» and ao, stress magni- 
tude c—d) and an increment of torce in 
the elastie part (x between zero and 2, 


stress magnitude a—b). Since 

and 
a—b — ore 

then 


= oy — or) dx + 


trolay — Or 24) (O0< <a) (6) 


a, in the above equation can be determined 
by measuring or in some cases it can be 
solved as an analytic function. 

zy can be found by solving Equation 6. 


Then 


This value of E; may be used to predict 
the buckling strength of the compression 
member according to the concept of 
tangent modulus theory from the equation, 
P, = x? (7) 

For purposes of illustration of the 
possible effect of residual stress upon the 
buckling strength of structural members, 
a typical distribution for the flanges of 
wide-flange shapes is selected in which 
the pattern is parabolic in shape with the 
compression residual stress equal to 20 


cooling residual st 
/ 
\ 


| ! 


elastic plastic portion 


Fig. 54 Resultant stress-distribution 

upon application of external force 

sufficient to cause a certain amount of 
yielding 
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Fig. 55 
ksi. and the maximum tensile value in the 
flange center equal to 10 ksi.; (i.e., in 
Fig. 53 ore = 20 ksi. and o,; = 10 ksi.). 
The residual stress function, o,, for a 10-in- 
wide flange is then given by. 


10 — 1.2z?, 


o, = 


positive when in tension, the distance z 
being measured from the center line of 
the flange. The material is assumed to 
have a vield point stress of 40 ksi. By 
the 
Equation 6 an expression for zo is ob- 


substituting above formula into 
tained, enabling a direct calculation to 
be made of £; for various assumed values 
then be 
The 


average critical stress is plotted against 


of «. The column curve may 


drawn and this is shown in Fig. 55. 
slenderness ratio. The Euler relationship 
is shown. The calculation just described 
gives the solid curve. 
¢, = 
(L/r}? 
The d 


The average stress-strain diagram could 


ashed curve is described later. 


be obtained by determining strain values 
to correspond with the above assumed 
stress values from the relation 


Oy or 29 


E 


The resulting average stress-strain curve 
as modified by the assumed residual stress 
pattern is shown in Fig. 56 

For sections of different cross-sectional 
shapes the buckling strength ean be found 
the dis- 
tribution of residual stress in a WF shape 
When 


reaches a 


in a similar way. Assume that 
is similar to that shown in Fig. 26 
the F ave rage 


stress 


applied 
certain magnitude, portions of the cross 


section will yield as shown in Fig. 57 
The buckling strength of it can be cal- 
culated by considering only the elastic 
part and results in the expression 
rEl, (9 
; 


where J, is the moment of inertia of the 
portion which remains elastic. 
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Fig. 57 
of WF shape at a load sufficient to 


200 240 
Fig. 


In the case of the rectangular section 


bent about the weak axis 
Ed = El, 
This is also very nearly true for the WF 


section bent about its strong axis since 
the web contributes only a small portion 
to the 


for the rectangular section bent about its 


moment of inertia. However 
strong axis and for the I-section bent about 
its weak axis the term £/, will be consider- 
ably than F,J. Thus the buckling 
strength will be reduced over that value 


less 


predicted by the tangent modulus concept 
The 


be given by the equat ion, 


alone average critical stress will 


(L/r)? 


For the same pattern and magnitude of 


residual stress as used in the previous 
illustrative example, the column = curve 
has been computed for flexure about the 
strong axis of a rectangular element. 
The result is plotted as the dashed line in 
Fig. 55. 

The magnitude of reduction in carrying 
capacity of columns containing residual 
stress is thus also dependent upon the axis 
about which the member is free to rotate 
For rectangular cross sections, referring 
to Fig. 55, greater reductions occur for 
flexure about the strong axis. The curves 
for a WF shape with 10-in. flange width 
will be similar except that the upper curve 
is for flexure about the strong axis (2-7), 


the lower (dashed) curve resulting when 


the column is free to rotate about its 
minor ( AXIS 
| 
| 
} plostic 
im portions 


Short compression specimen 


cause yielding due to residual stress 
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56 Stress-strain diagram for steel as modified by 


residual stress 


While it was recognized by the authors 
some time ago that the buckling strength 
of a WF-shaped member would be that 
of the part remaining elastic, these ideas 
were not 
they 


generally circulated nor 


extended 


were 
The problem has been 
discussed in a dissertation*! by one of the 
authors. According to prepublication ab- 
stract, Osgood* has recently obtained a 
“general expression for the buckling load 
of a column centaining residual stresses 
the cross 
section an so distributed over the crogs 


assumed to be same at every 
section that the Engesser-Shanley theory 
may be applied.” 


When the 


same at all sections of the compressed 


residual stresses are not 


member, the problem becomes one of the 
buckling strength of a member of varying 


cross-sectional areas. At local sections 
which are cold-bent or which contain 
welding residual stresses, it can be con- 


sidered that the dimension is reduced at 
those sections due to yielding caused by 
The effect will 
be generally smaller than that of the cool 
ing residual stresses which are distributed 
all along the member 


local residual 


stresses 


Figure 55 shows the large reduction in 


column strength that 


may be expected 
from the rather common pattern of re- 
sidual stress shown in Fig. 53. This 
implies, of course, that the material 
behaves as assumed in the theory Actu- 


ally as was discussed earlier, vielding is 
not uniformly distributed along the mem- 
ber, but yield zones penetrate into the 
Thus the 


will be 


member at intervals along it. 
effective 
something different 


stress-strain diagram 
that 


Fig. 56, thus modifying the column curve 


from shown in 


of 55. Further work is 


this is 


experimental 


needed here and a part of being 


carried on in current investigations 
An important question to be answered 
is the 


following: Can a satisfactory 


steel 


column-strength curve for heavy 


columns be based on small samples re- 
* Osgood, W Residu Ss 

umns Preser at the First [ 

Congress of I Mechanics 


1951. 
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moved from flange and web if the cutting 
out of the small samples relieves the 
residual stresses in the columns? The 
evidence from the above discussion in- 
dicates that a satisfactory column curve 
for steel cannot be obtained from tests of 
small coupons and this trend has been 
confirmed experimentally by pilot tests 
on complete cross sections of WF steel 
specimens. 

The influence of residual stress on the 
buckling strength of a compression mem- 
ber is seen to be significant. Since re- 
sidual stress causes a reduction in yield 
strength, it may also be a factor in local 
buckling. Since flange elements eventu- 
ally buckle locally in the plastic range, 
vielding at lower loads than predicted may 
also reduce the local buckling strength of 
a bending member. This factor has not 
been examined in these tests and would 
probably require studies of annealed and 
unannealed specimens. 

It is probable that column design form- 
ulas have included empirically the re- 
duction in carrying capacity due to re- 
sidual stress, although the percentage 
reduction due to this factor has not gener- 
ally been appreciated. This indicates 
once more that experience and pror 
satisfactory performance is now, as it has 
always been, the important factor in 
structural design. 


(VIL) CONCLUSIONS 


1. While this report emphasizes the 
influence of residual stresses and stress 
concentration upon the yield strength 
of steel beams, it is not to be assumed that 
the plastic range and ultimate strength 
are of any lesser importance. Since there 
is not space here to treat the whole prob- 
lem, and since most engineers are con- 
cerned with design based upon the initial 
vield load, it was considered that the in- 
fluence of the various factors on the yield 
strength should be presented first. 


2. According to experimental data, 


the assumption of a uniform distribution 
of plastic strain in a bending member is 
Making use 
of this assumption, the M-¢@ relation of a 
bending section gives better agreement 


far from the actual picture. 


with test results for annealed specimens 
than for as-delivered specimens. (The 
annealed tests were carried out in a 
previous program. ) 

3. There is a difference in the behavior 
of as-delivered and of annealed specimens 
over and above a difference in material 
properties. The initiation 
and propagation of plastic zones in a 
bending member is affected by residual 


process of 


stress and stress concentration which 
indirectly affect the M-@ relation. As- 
delivered specimens consistently show a 
reduction of about 10% in moment capac- 
ity in the early part of the plastic range. 
However, when yielding later penetrates 
to the neutral axis the moment capacity 
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approaches the value predicted on the 
basis of coupon tests. 

1. Due to residual stress and stress 
concentration local yielding may oecur in a 
structure at a load very much lower than 
usually predicted by theory. In these 
tests such yielding occurred at loads as 
low as about 20°, of the predicted initial 
vield load. 

5. The yield strength of a structure 
is reduced by the presence of residual 
stress and stress concentration no matter 
whether load or deflection is used as the 
criterion. In these tests the reduction 
of load was as much as 24°% and the in- 
crease in deflection at the initial yield 
load ranged from 13 to 88%. 

6. Concerning the increase of deflec- 
tion in a structure, cooling residual stress 
is & more important factor than welding 
residual stress or stress concentration. 

7. There was no significant influence 
of shape of cross section on the yield 
strength. 

8. The initial vield strength of a cold- 
straightened beam may be raised or 
lowered depending on the direction of 
cold-straightening and of load application. 
Cambered beams would have their yield 
strengths reduced due to the necessary 
cold bending process. Expressions for 
determining the residual stress distribu 
tion are presented, 

9. The magnitude of redistribution of 
moment due to local yielding at welded 
connections is of small magnitude and 
does not compare to the percentage in- 
crease in deflection due to the same factor. 

10. The stress concentration and _ re- 
sidual stress involved in the welding of 
stiffeners between flanges of a member 
causes local yielding at lower bending 
moments and is thus of more significance 
than yielding in butt welds to splice plates 
and columns. 

11. The buckling strength of a member 
is reduced by residual stresses, this factor 
being of major importance for structural 
steel columns in the intermediate slender- 
ness range. 

12. The evidence indicates that a 
satisfactory column curve for steel cannot 
be obtained from tests of small coupons. 

13. For use in predicting the strength 
of a column of rectangular cross section 
containing residual stress, a method for 
determining the tangent modulus is 
suggested. A general expression is pre- 
sented which integrates the effective 
stress distribution across the member. 

14. For members of different cross- 
sectional shapes than rectangular and 
which contain residual stress, the buckling 
strength is theoretically reduced over 
that predicted by the tangent modulus 
concept alone. The buckling strength 
under these conditions would be that of 
the part remaining elastic. Additional 
studies, including experiments, are needed 
to see if these additional reductions actu- 
ally occur. 


15. The specimens tested in this pro- 
gram were all rolled shapes. While it is 
expected that the residual stress patterns 
will be similar in members which are built 
up by welding web plates to flange plates 
there will probably be considerable varia- 
tion from member to member and along 
the same member. Also the influence 
of residual stress due to longitudinal 
welds may be different. An investigation 
along these lines would be worth while. 

16. It is probable that the factor of 
safety for steel members has always in- 
cluded the reduction in carrying capacity 
due to residual stress and stress concent ra- 
tion. However, the percentage reduction 
due to this factor has not generally been 
appreciated. If the increase of deflection 
is considered critical then a change in 
design procedure that would allow greater 
working loads must be approached with 
extreme caution. However, in structures 
in which deflection is not a critical item 
from a statistical point of view, then there 
is nothing in the results of these tests which 
would prevent the further consideration 
of so-called “plastic design’? procedures 
Although at least one structure has been 
designed according to this procedure, gen- 
eral application of plastic theory should 
await the study of some further limita- 
tions, local instability of flange elements 
being one of the most critical 
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21. Yang, C. H The Plastic Behavior of rial of the beams were determined by in his book Elastic Energy Theory.® 
Continuous Beams,” Ph.D. Dissertation, Lehigt 
simple tension and compression tests to The section will behave elastically when 


Table 7—Summary of Coupon Test Results 


l pper Lower Elastic Plastic Strain 
yield yield strain, strain, hardening Ultimate 
Section and location Type of point, point, Ces ee modulus strength, 
of coupons test Cuy, Kst. ol,, ksi in./in, in./tn. C, ksi kst 
SWF40 flange (10 tests Tension 37.75 37.55 
SWF40 web (5 tests 39.76 
SWF40 flange (6 tests Compression 37.63 
SW F40 web (5 tests 3808 
SWF40 flange (8 tests Tension 0.00124 0.0139 636 64.8 
SWF40 web (3 tests 0.00129 0.0141 O44 66.5 
14WF30 flange (8 tests Tension 0.00126 0.0161 599 62 


14WFE30 web (4 tests 0.00137 


do/de = C 


0.0185 7 


=< 
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it is subsequently loaded so long as the 
maximum moment is less than Mo. 

The stress pattern of Fig. 59 as well as 
the deflection of the beam during unload- 
ing can be derived neglecting the shear 
strain in the beam. 

With the beam initially under the 
moment, Mo, suppose the moment on 
the beam is reduced to a value M such 
that M is smaller than Mo. From Fig. 60, 


where «, = strain corresponding to the 
stress oy. In Fig. 60 @ is the unit angle 
change corresponding to moment Mo. 
Let «' = permanent strain at any point 
in the plastie zone (the total strain is 
made up of the elastic strain «¢, and the 
permanent strain e’ (Fig. 61). Then from 


Fig. 60, 
No 


Now, under moment M, referring to 
Fig. 62 
d% € 


where e equals the vertical deflection of 
the bending member under moment M. 
The value yo is a constant for a constant 
Vy. For y less than yo the region is 
elastic under the previous loads and the 
stress is dependent upon @ = Ey@). 
However, for y greater than yo, the stress 
distribution is modified by the prior 
plastic strain. For example the resultant 
stress distribution for a particular value 
of M is shown in Fig. 62. 

The relationship between M and ¢ will 
now be developed, M being the total 
applied moment subsequent to a moment 
My. Let 


o, = stress at area above yo. 
o, = stress at area below yo. 


Then 


o, = Ele—e’). 


— Yo 
Yo )] (1) 


, dy 
(12) 
In developing the following expressions 
for the magnitude of residual stress, only 
the positive side of the neutral axis is 
considered. This is the lower side ac- 
cording to the engineering convention. 
On the upper side, stresses will be re- 
versed. Then 


M = 


228-s 
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Fig. 58 Tension stress-strain curves for an 8WF40 beam (including strain-hard- 
ening range) 


(a) 


+ 
Mo 
(b) (c) (d) 


Fig. 59 Development of residual stress due to cold bending 


= 


Fig. 60 Section yielded under moment My 


Since —- does not depend on y, 
dx? 


M = -El +a (2) 


where the moment of inertia of the plastic 


portion is 
Ip = 2 ydA, 
yo 


the plastic modulus of the plastic portion 


is 
mh/2 
Zp =2 ydA, 
yo 


ando, = Ee. From Eq. (2), 


d® 
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Fig. 61 Idealized stress-strain dia- 
gram 


When M =0, ie., the section is un- 
loaded, 


d%y _ | 
dz? M=0 EI Lyo (15 
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(a) Strain— Distribution 


(b) Stress — Distribution 


——— Moment = Mo 
Moment reduced from Mo to M 


Fig. 62 


The magnitude of residual stress remaining 
in the beam after plastic bending followed 
by complete removal of moment may be 
computed using Equations 11 and 12 
forg,ande,. Thus. 


E ( y )] 


(16 
or -E (17) 


Substituting the 
15 into 16 and 17 


He 
evi 


and 


When y = yo, from Equation 19 
I 
When y =h/2 from Equation 18 and 


using ¢y = 


E 


Strain and stress distributions under moments My and M 


My! cy 


Moment 


/ 


} Curvoture @ 


Mp 
Fig. 64 M-¢ relationship for a par- 
tially plastic member, unloaded, and 


reloaded in the opposite sense (dia- 
grammatic) 


(21) 
When the moment M 
plastic hinge moment, M,, then yo ap- 


is equal to the 


proaches zero (Fig. 6). From Equation 
6, 

(22) 
At the extreme fiber when y,-—~0 and y = 
h/2, from expression (21) 


Fig. 63 Residual stress distribution 
following application of full plastic 
moment 


= —¢,(— — 
yo) 


y=h/2 


and since the shape factor is defined by 


= Z/S. Then 


Ori 23 

A/2 
which gives a compressive stress on the 
lower fiber and a tensile stress on the 
upper fiber. Such a distribution for the 
condition that My = M, has been shown 
in Fig. 241 of Reference 17 and is also 
shown in Fig. 63. It may be obtained by 
use of Equations 22 and 23 which give the 
maximum possible residual stresses at the 
two points 

The general expression (14) holds when 
a moment in the opposite sense is applied 
and until the yield condition is reached. 
Referring to Fig. 64 these expressions 
would apply until the reversed moment 
reached the value M:, the magnitude of 
which depends theoretically upon the 
magnitude of M,. (The 
effect is ignored, but this would lower 7, 
still further. ) 
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The Micro-Mechanism of Frac- 
(ure in the Tension Impact Test 


Discussion by Glenn W., Geil 


Professor Bruckner’s tests on ingot iron are of special 
interest to me. Does the author have any explanation 
as to why peaks at 127° F. in the impact-temperature 
curves for ingot iron should be present for the tests 
made with initial energies of 220 and 110 ft.-lb. and not 
be present in the tests made with initial energy of 45 
ft.-lb.? Perhaps additional tests at 127° F. with the 
high initial energies might indicate a scatter in energy 
values similar to that reported for the tests made with 
an initial energy of 45 ft.-lb. Does the author believe 
that these peaks are really significant? 

Professor Bruckner reports that his metallographic 
examination revealed a maximum population of me- 
chanical twins in the specimen corresponding to the peak 
energy absorption in the tests made with initial energy 
of 110 ft.-lb., thus establishing that maximum twin den- 
sity and peak energy absorption were coincident. Did 
the author make a metallographic examination of the 
specimens of this series that were fractured at tempera- 
tures below the transition range? If so, was the extent 
of mechanical twinning in these specimens greater or 
less than that observed in the specimen corresponding to 
the peak in the impact temperature curve at the high 
temperature end of the transition range? In some 
work, reported recently (Research Paper 2119, Jnl. Re- 
search, NBS, Vol. 45 (1950)), in which a preliminary 
study was made of the mechanical twinning in ingot 
iron specimens slowly extended in tension at tempera- 
tures ranging from —196 to +100° C., a maximum 
twin density was observed in the specimens fractured at 
the lowest temperature (—196° C.). At this tempera- 
ture the energy absorbed and the ductility of the speci- 
men also were least and thus the data apparently indi- 
cate a coincidence of maximum twin population and 
minimum energy absorption. 


Author’s Closure 


In answer to the written discussion by Dr. G. W. Geil 
it should first be noted that the results of his tests to 
which he refers were obtained for ingot iron specimens 
slowly extended in tension, whereas, the author’s data 
were obtained from tension impact specimens provided 
with a notch. Geil’s tests were therefore made under 
conditions of maximum possible uniformity of strain in 
the volume of the tensile specimen whereas the notched 
tension impact tests provided a volume of metal in and 
close to the notch with a definite strain gradient. 

The first question which Geil asks refers to the peaks 


Glenn W. Geil, Metallurgist, National Bureau of Standards 


Paper by Walter H. Bruckner was published in Tar Wetvine Journat, 30 
(9), Research Suppl., 459-s to 469-8 (1951). 
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obtained in the tension impact data for Armco iron frac- 
tured with 220 and 110 ft.-lb. of initial energy in the 
pendulum. These peaks did not appear where the initial 
energy was reduced to 45 ft.-lb. and Geil therefore sug- 
gests that if more tests had been made at the higher 
initial energies a scatterof data rather than a peak would 
have been obtained. 

The author believes that the peaks in the impact 
data for the higher initial energies are significant but 
only for the particular geometry of specimens and test 
conditions employed. The peaks were never encoun- 
tered before in any of the tests made with other ferrous 
materials. The main responsibility for the odd shape of 
the impact temperature curves would therefore be that 
of the material itself, Armco iron in its response to the 
stress system which the specimen geometry and initial 
energy employed produce. 

An attempt was made by the author to explain the 
occurrence of the peaks under the heading ‘Discussion 
of the Data on Armco Iron” on page 464-s of the paper 
published in THe Wetpinc JourNAL for September 
1951. Some additional statements may help to clarify 
this portion of the paper, viz., Fig. 14 gives the hardness 
values along the longitudinal center-line of the three 
specimens examined and clearly indicates that maxi- 
mum hardness of the center of the notch volume de- 
creased with test temperature. A reasonable assump- 
tion was that other portions of the notch volume than 
the central region had contributed to the anomalous, 
extra energy absorption represented by the impact peak. 
This was found to be the case when more extensive 
hardness surveys were made of the entire notch area on 
the plane of polish. The specimen representing the im- 
pact peak had peak hardness in a tubular region under 
the notch. This portion of the specimen was then 
visualized as having been strained to a greater extent 
than the specimen tested at higher temperature above 
the peak due to a change in the stress system occasioned 
by the early fracture of the central region as shown in 
Fig. 14. The central region of the specimen tested 
above peak temperature fractured at a later stage as 
shown by the higher maximum hardness in Fig. 14, thus 
making it possible to maintain the transverse stress 
gradient and shear restraint which limited the level of 
strain in other portions of the notch volume. 

It will be noted from Fig. 3 of the paper that the 
higher initial energy of 220 ft.-lb. gave a sharper indica- 
tion of a peak than did the tests at 110 ft.-lb. Further- 
more the individual values for the duplicate tests made 
at each temperature at the higher initial energies check 
each other closely. The author therefore believes that 
the peak is a real phenomenon which becomes less prom- 
inent as the strain rate and available elastic energy 
are reduced by decreasing the initial energy of test. 
The exact mechanism which produces the peak cannot 
be stated at present but some tests are underway in the 
laboratory of Professor C. E. Taylor, T.A.M. Depart- 
ment of the University of Illinois, to determine the 
strain distribution. Professor Taylor is using a plastic 
replica of the notched tension impact specimen about 
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four times the size and will study the strain distribution 
in and near the notch volume using polarized light. 
Another of Dr. Geil’s questions concerns the evidence 
obtained with respect to the incidence of mechanical 
twins in the notch volume. This is stated in th® third 
paragraph on page 464-s of the original paper as being 
70, 1700 and 110 twins on the polished surface at the 
center plane of the notch volume, respectively, for the 
specimens above, at and below the peak impact energy 
obtained at 127° F. At test temperatures above 155° 
F. the number of twins decreased and at test tempera- 
tures below 115° F. the number of twins increased as 
judged by inspection rather than actual count as for the 
above three specimens. Because the peak energy speci- 
men contained the largest number of twins we were con- 
cerned about the possibility that they had contributed 
to the energy absorption. The microhardness and 
X-ray diffraction studies reported in the paper show 
that the twins contributed a negligible amount of per- 
manent strain. It should also be emphasized that the 
region of maximum density of twins did not occur in the 
same region of the notch volume having maximum per- 
manent strain; thus, even though the peak energy and 


maximum twin density were coincident in the same 
specimen, they are apparently not related to each othe: 
or at least their relationship, if any, is unknown, at pres- 
ent. Also the reason for the occurrence of the very 
large twin density in the peak impact specimen is un- 
known. However, since the paper was written a re- 
crystallization technique has been employed to show 
that tiny recrystallized grains grew at the intersection 
where two twins crossed, where a twin was stopped at 
some internal barrier and at the start of a cleavage 
crack apparently started by a twin. This evidence of 
transfer of elastic energy required for twin propagation 
into slip and cleavage is regarded as the final proof ot 
the stated interrelationship of twinning and cleavage 
The author appreciates the opportunity to emphasize 
certain points and to present additional data which was 
afforded by Dr. Geil’s discussion. He also thanks the 
many individuals who expressed an enthusiastic, high 
regard for the value of the paper as a contribution to 
the brittle fracture problem. Finally the author thanks 
the board for the Lincoln Gold Medal Award for 1951 
and its chairman, Clarence E. Jackson, for considering 
the author’s 1950 paper as worthy of this award 


Weldable Low-Alloy Steels 
for Pressure Vessels 


by Franz Nehl 


ECAUSE the equipment for producing rolled 

high-pressure drums in Germany has been de- 

stroyed or dismantled, welding is the only practical 

method of fabrication. With the weldable boiler 
steels hitherto available, the existing presses and bend- 
ing rolls were too small to handle the wall thicknesses 
required for large drums operating below 750° F. but 
at pressures over 1400 psi. Consequently, it became 
necessary to develop weldable steels with such high 
vield strength at elevated temperature that all present 
pressure requirements can be met with thicknesses not 
over 314 in. The high yield strength cannot be at- 
tained by quenching, which is not recommended for 
welded drums. The required yield strength must be 
attainable by simple heat treatments, the cooling rate 
during which must not exceed 12 to 27° F. per minute 


Abstract of Schweisshare niedriglegierte Stable mit hoher Warm 
streckgrenze far Hoehdruck-Kesseltrommetn published in Stahi und 
Eisen, 71, 1443-1444 (1951 Abstracted by Dr. G. E. Claussen 
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for heavy drums. Owing to formation of martensite 
during welding, the air-hardening Cr-Mo and Cr-Mo-Ni 
steels cannot be considered The formation of mar- 
tensite creates microstructural stresses leading to 
cracks. 

Within the limits of present specifications it is known 
that in order to keep the thickness of the largest desired 
drums to a maximum of 3! in., the yield strength at 
660° F. must be at least 50,000 psi. The steels often 
used for drums in USA and Germany contain 0.15 
0.20°;, C, 0.30-0.40% Si, and about Mn, and have 
a vield strength of 30,000 psi. at 660° F. Only recently 
have steels become available with 0.18° C, 1° Mn, 
0.99% Cr and 0.25°% Mo, with a yield of 35,500 psi. at 
660° F. 

Even before the war welded drums were made ot 
copper-nickel steels! which not only had high yield 
strength at elevated temperatures, but were superior to 
manganese and chromium-manganese steels in sensi- 
tivity to weld cracking. The high yield strength of the 
copper-nickel steels was obtained by a precipitation 
hardening treatment which is largely independent of the 
cooling rate. It was found? that a small addition of 
molybdenum which did not affect weldability improved 
these steels, so that a steel containing 0.15-0.20°, C 
1% Cu, 0.8% Mn, 0.2% Mo, and 0.8°7 Ni had a yield 
strength of 35,500-43,000 psi. at 660° F. The sur- 
prising discovery was made that the vield strength of 
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Table |1—Composition of the Copper-Nickel-Molybdenum 
Steels 

Si, Mn, Cr, Cu, Mo, Ni, Ta + 

Steel A 0.14 035 10 0.10 085 O24 O74 

Steel B 0.15 0.43 0.96 0.30 0.98 0.22 0.79 0.018 


these Cu-Ni-Mo steels could be raised considerably 
without affecting weldability by adding traces of cer- 
tain carbide-forming alloying elements.’ The carbides 
precipitate even during very slow cooling after normal- 
izing, the tensile strength rising to over 114,000 psi. and 
the yield strength being over 57,000 psi. at 660° F. In 
this condition the steel has no more tendency toward 
hardening and cracking during welding than a boiler 
plate of 63,000-75,000 psi. tensile strength. No mar- 
tensite is formed in the heat-affected zone and conse- 
quently microstructural stresses are low. Since the 
products of transformation in the steel form at a much 
higher temperature than martensite, shrinkage stresses 
are low. In other words, the weldability of a steel de- 
pends, not so much on its tensile strength as on the effect 
of the alloying elements on the structure after trans- 
formation. 

Owing to the high tensile strength (over 114,000 psi.) 
of normalized, welded drums of this steel, they must be 
reheated to 1110-1200° F. before being placed in serv- 
ice. During this treatment the transformation prod- 
ucts are decomposed, the tensile strength is lowered, 
but the yield strength at elevated temperature is de- 
As a result a yield ratio (yield 
tensile strength at room tempera- 


creased only slightly. 
strength at 660° F. 


ture) of over 60° is achieved, compared with 38° % for 
plain carbon steel and 45° for medium manganese 
The unusual properties at elevated tempera- 


steels. 
tures are connected with the precipitation of very fine 
copper and carbide particles during the treatment at 
1110-1200° F. The composition of the steels that were 
studied is given in Table 1. The results are averages of 
several specimens. The somewhat higher chromium 
content of Steel B is due to the fact that the tantalum 
and columbium are derived from scrap austenitic stain- 
Tests after 10,000 hr. under load showed 
neither a decrease of yield strength at elevated tempera- 


less steel. 
ture nor a rise in tensile strength. The reduction in 
toughness due to blue brittleness at 660° F. 
greater than is found in other steels. 

A number of high-pressure drums have been made of 
the Cu-Ni-Mo steels. The welds were made in two 
layers with a twin head using submerged are welding 
with a wire of copper-nickel-molybdenum steel contain- 
ing columbium. The twin head was used to avoid 
cracks. The filler wires were 6°/, inches apart. To 
weld 3'/, ft. of joint inside and outside required only 
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about seven minutes. 

The present results show that this steel can be used 
in heavy thicknesses without distortion and hardening 
cracks. The strength attained by this air-cooled steel 
could be obtained in previous steels of this alloy level 
only by oil or water quenching. 
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Table 2— Properties at 68 and 660° F. of the Steels in Table 1 


Temperature Normalizing Reheating Yield point, 
of test, °F. Steel temperature temperature pst. 
OS A SSO 60,500 
B 74,000 
A 5 1155 56,500 
B 1155 75,000 
660 A 43,000 
B 69,000 
A 1155 43,000 
B 1155 65,000 


Cooling rate during normalizing = 12° F. per minute. 
Time of reheating treatment = 8 hr. 


Tensile Ratio of yield point at Elongation 
strength, test temperature to tensile ind Reduction 
psi. strength at 68° F., © diameters of area 
90 , 000 68 25.5 68 
128 ,000 57 11.3 20 
79,000 72 25.0 65 
96,000 78 20.6 59 
91,000 47 24.5 47 
126,000 54 15.0 26 
78,000 55 25.2 55 
91,000 67 20.3 48 
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ANACONDA 


With 
Welding Rods 


Weldone Welding Associates 
use ANACONDA -997 
(Low Fuming) Bronze for 
braze welding textile machinery 


and general repair work 


hy 


= 
WELDONE we 


“I can't recall any job in my experience,” claims Dale 
Locke, enthusiastic owner of Weldone Welding Asso- 
ciates, “where bronze pulled apart. It’s faster, has greater 
penetration, a lower melting point and better free- 
flowing qualities.” 

Mr. Locke’s thriving business serves an area within 
a 50-mile radius of Charlotte, N. C., and 90° 


repair work is on cast iron. For this work ANACONDA-997 


of his 
(Low Fuming) Bronze Rods co: less because they 
flow better and therefore give more welds per rod. In 
his opinion they also give faster, better welds with less 
flux than competitive rods. In the Weldone shop, 
bronze welds — despite their high tensile strength — 
can be easily machined. Less preheating is required in 


braze or weld with confidence 


this shop lives up to its 
name —and cuts costs! 


repairing castings. ANACONDA Rods flow before such 
castings as cylinder heads and motor blocks get hot 
enough to warp or crack. 

Weldone buys ANAconpA Welding Rods from 
National Welders Supply Company in Charlotte. Dale 
Locke's jobber salesman is himself a practical weldet 
and contributes helpful welding suggestions. You, too 
will find experienced service available from your own 
AnaconnA Welding Rod Distributor. For practical ad- 
vice on welding problems in your shop consult him 

.and for the latest information on welding procedures 
write today for free Publication B-13 to The American 
Brass Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ont. 
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Low pressure breathing ‘oxygen cylinders 
must be perfect.. . there are no 
re-fills at 40,000 feet. a 


Many things can happen at 40,000-plus. But today’s 
precision-trained sound-busters can usually handle 
them all. But let their vital oxygen supply go wrong and 
in a matter of seconds there is nothing that can be done. 


To meet rigid service specifications, D. K. Manufac- 
turing used Thor-Tung electrodes and Heliwelding. 
Using both the manual, water-cooled Heliweld holder 
for welding spuds into position, and the Heliweld 
Automatic Head for production line runs while welding 
cylinder halves, D. K. turns out breathing oxygen cyl- 
inders which test a leak-free 700 psi— hundreds of 
pounds above working pressure requirements. 


Inert gas-shielded Heliwelding eliminates the need 
for flux ... prevents slag formation—permitting ‘clear 
view’ operation. Its gas-shielded electrode provides a 
highly concentrated arc . .. permitting exceptional 
welding speeds with a minimum of distortion. 


Production-running these oxygen lifesavers is just 
one of the countless jobs Heliwelding can do in your 
plant or shop. Find out how it can be used for you. 
Write ... or phone your nearest Airco Office. Ask for 
your copy of ADC-709: “Heliwelding— Catalog 9”. 


Manufactured by the D. K. Manufacturing Company, Chicago, Illinois, breathing 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND & oxygen cylinders like those above must be the products of perfect welding. To 
insure perfection on a production-run basis D. K. uses Heliwelding for their 


construction 
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OXYGEN 
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Completed Breathing oxygen cylinders 


Companion-piece of the Heliweld Automatic Head, this j.g-mounted manual, 
water-cooled Heliweld Holder fastens outlet spuds at the rate of nearly two 
hundred a day to begin the production run of oxygen breathing cylinders for 
D. K. Manufacturing Co. 


Air REDUCTION 


AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY « AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


RINCIPAL CITIE 
2 DIVISIONS OF AIR REDUCTION COMPANY, INCORPORATED 
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